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8 Teopus kiraccudukamu

OO6y4yeHune pacno3HaBaHUO 0OpPa30B B NPOU3BOJIbHbIX
MeTpUYECKNX NPOCTPaHCTBAX

A6pamos Badum Hzopesur'* v.abramov.work@gmail.com

Cepedun Oaez Cepzeesur’

oseredin@yandex.ru
Mommas Badum Bauecaasosur® vmottl@yandex.ru
"Mocksa, MockoBCKmil (hH3HKO-TEXHHIECKHH HHCTHTYT

2Tymna, Tyabckmit roCyIapCTBEHHBIH yHIBEPCHTET

3Mocksa, Boranciurensubii nearp PAH

OcHoBHas MaTeMaTHYeCKas UJes JIMHEHHOTO MTOIX0Ja K BOCCTa-
HOBJIEHUIO 3aBUCUMOCTEH 3aKJII0O9AETCA B MIOTPY2KEHUU [TPOM3BOJIHHO-
0 MHOXKECTBa OOBEKTOB PEAJIbHOTO MHUPA, PACCMATPUBAEMOIO KakK
METPUYECKOe IIPOCTPAHCTBO, B HEKOTOPOE PACIIMPEHHOEe JIMHEHHOe
[IPOCTPAHCTBO CO CKAJISIPHBIM IIPOU3BEIEHUEM. DTy W0 YJ/IAeTCs
[IOJTHOCTBIO PEAJIN30BATh, TOJBKO €CJIA UCXOIHAS METPUKA SIBJISI€TCS
€6KAUJ060T, T.e. 00JIaTAeT HEKOTOPBIMU OCODEHHO yIOOHBIMU CBOi-
crBamu [1]. MHCTPYMEHTOM MOJIEIMPOBAHMSI UICKOMOU 3aBUCUMOCTHU B
9TOM CJIydae sBJISIeTCS MTOWCK B PACIIMPEHHOM JIMHEHHOM MPOCTPaH-
CTBE TaK HA3bIBAEMOTO JIUIIOJIST — APBI 9JIEMEHTOB, TO3BOJIAIONIIX Xa-
PaKTepU30BaTh BCIKUI OOBEKT PEAJIBHOIO MUPA €0 PACCTOSTHAEM JI0
COOTBETCTBYIOIIEH IMCKPUMUHAHTHON IUIIEPILIOCKOCTH — MHOYKECTBA
3JIEMEHTOB, PABHOOTCTOSAIMNX OT y370B munoJisi. OIHAKO I MHO-
IUX TPAKTUYIECKUX 3129 aHaIN3a JAHHBIX €CTECTBEHHAsI MCXOHASI
METPHUKA OKa3bIBAETCS IIPUHIUIHAILHO HeeBKINI0Boi. Torma mexo-
HOEe METPUYECKPE IIPOCTPAHCTBO YIAETCsl BJIOXKUTD JIMIIb B Nncesdoes-
KAU0060 TUHEIHOE TPOCTPHCTBO, B KOTOPOM METPUKA OIpeJeieHa He
JIJISE BCEX 1ap JIEMEHTOB M Pa3pYIIAeTCs MOHATUE TUCKPUMUHAHTHON
TUIEPIUIOCKOCTH. B JIOKJIa/Ie pacCMaTpPUBAIOTCS IIYTH TPEOIOJIEHUs]
9TO¥ TPYIHOCTH, OCHOBAHHDIE HA TOM (PaKTe, ITO JJIs SJIEMEHTOB MET-
PUYECKOr0 IIPOCTPAHCTBa OOBEKTOB PEAJIbHOIO MUPA, MOTPYKAEMOT0
B IICEBJIOEBKJIAIOBO JIMHEIHOE ITPOCTPAHCTBO KaK IOAMHOYKECTO U30-
JINPOBAHHBIX TOYEK, COXPAHSIETCS KOPPEKTHOE 3HAYEHNE METPUKH.

Pabora mognepxkana rparrom PODU Ne14-07-00661-a.

[1] A6pamos B. d., Cepedun O. C., Mommav B. B. O6yuenne pacrosHasa-

HUIO 06pa30B B €BKJINJOBBIX METPUYCCKHUX IIPOCTPpaHCTBaxX IIO METOLY

onopubix 06bekToB // Ussectna Tyal'V, Ecrecrsennnie nayku. Tyna:
Msznareascrso TynlV, 2013. Bem. 2. C. 119-136.

International Conference IIP-10. Crete, Greece, October 4-11, 2014
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Pattern recognition in arbitrary metric spaces

Abramov Vadim'x v.abramov.work@gmail.com
Seredin Oleg® oseredin@yandex.ru
Mottl Vadim?® vmottl@yandex.ru

'Moscow, Moscow Institute of Physics and Technology
2Tula, Tula State University
3Moscow, Computing Center of the RAS

The main mathematical idea of the linear approach to dependence
estimation is embedding the given set of real-world objects, which
is treated as a metric space, into an extended linear space with in-
ner product. This idea lends itself to a complete realization only if
the original metric is the Fuclidean one, i.e., possesses some espe-
cially useful features [1]. In this case, the instrument of estimating
the hidden dependence is determination of the so-called dipole in the
extended linear space — an ordered pair of elements that allows to
characterize any real-world object by its distance from the respective
discriminant hyperplane, i.e., the set of elements equidistant from
the nodes of the dipole. However, in many pratcical problems of data
analysis, the natural original metric is not Euclidean in principle.
Then, the original metric space can be embedded only into a pseudo-
FEuclidean linear space, in which the metric is defined not for all pairs
of elements and, thus, the notion of discriminant hyperplane gets de-
stroyed. In this paper, the authors consider the ways of overcoming
this difficulty, which are underlied by the fact that the metric space
of real-world objects is embedded into the pseudo-Euclidean linear
space as a subset of isolated points, and the correct values of the
original metric are preserved for them.

This research is funded by RFBR, grant 14-07-00661-a.
[1] Abramov V.I., Seredin O.S., Mottl V.V. 2013. Obuchenie raspoz-

navaniyu obrazov v evklidovykh metricheskokh prostranstvakh po

metodu opornykh ob”ektov [Pattern recognition in Euclidean metric

spaces by support vector method]. Izvestiya of Tula State University,
Natural Sciences 2:119-136. [In Russian.

Mesxgynapognas kougepernus MOW-10. I'penusi, o. Kpurt, 4-11 okrsabpst 2014 r.
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06 opgHoin moandnkauum anropMTMOB BblYNCTEHUS
OLIEHOK

2Kypasaés IOputli Hearosuy zhur@ccas.ru

Mocksa, Berauciaurenbubii nearp um. Jopoauuimpina Poccniickoit

aKaJIleMHU HayK

B kJracce aJropuTMOB BBIYHCIIEHNUST OIEHOK [1] Hanbosiee CaoKHbI-
MU JJIsl OIPEJICJICHUS SBJIAIOTCA CHCTEMBI OIOPHBIX MHOXKECTB W IIa-
PAMETPBI, ONIPEIEIAIONINE HAJININe OJIN30CTH B MHOYKECTBE 3HAYEHUIT
npu3HakoB. B pabote pa3zpaboTaHbl METO/IbI, TO3BOJISIIONINE 3AMEHUTH
9THU KOMIIOHEHTHI Ha peHIeHI/Ie 3a/la9 TaKCOHOMUUN C IIOMOIIBIO HpOC—
TBIX aJITOPUTMOB. JlJIst oIlpeieienust OCTaabHBIX KOMIIOHEHT aJIfOPUT-
Ma IIPE/ITIOXKEHBI JIETKO PeaIn3yeMble OTOOpaskeHust TabJIul, 00y IeHust
7 ONIMCAHWIT PA3NIO3HABAEMBIX O0BHEKTOB Ha JBA MOJMHOKECTBA.

Iycrs 3anana rtabmauna oOydeHUS (i1, ..., Giky Qik41s -« -5 Gin),
i = 1,...,m, knaccel K;, j=1,...,], 1 pacuosHaBaeMblii 00bEKT
(biy...,byp) = S. ®opMupyeM GHHAPHBIE MATDPHIBI IS KJIACCOB K j
U PACIIO3HABAEMOTO 0OHEKTA, S. O6oznanM qepe3 B, k=1,...,n,
AJTOPUTMBI, BhIYUCANMe 6au30cth By (b, a;r), pasuyio 1 (Gmu-
zocth ectb) mm 0 (6rmsocth orcyTersyer). Gopmupyem Juis 00beK-
T0B S; = (Qi1y .-y Qiky- oy Qin) 1 S = (b1,...,bk,...,b,) crpoKy 6u-
HapHOI MaTpHUIIbL:

S/(Si’S,Kj) = (Cﬂ, vy Cikyee 7Cm)7

1, S; € Kj, Br(br,ai) = 1 wm S; & K, Bi(bg, aix) = 0;
0, Sl ¢ Kj, Bk(bk,alk) =1 nm Sz S Kj, Bk(bk,aik) =0.

[Momyaennpie TakuM 06pa3oM cTpoku S’ JeJuM Ha HOAMHOMKECTBA
M;: S; € Kj, My: S; ¢ K; u noydaem OMHAPHYIO MATPHILY, CTPOKH
KOTOPOI MOXKHO CUMTATDH €IUHUIAMU WJIA HYJISIMUA HE BCIOJLY OIIpejie-
JIEHHOM OyJ1eBOit pyHKITUN.

3ajaua pacro3HaBaHUs U 3a/a91 BHIYUCJIEHUS «BECOMBIX» Iapa-
METPOB aJI'OPUTMOB BBIUHUCJICHUS OIEHOK PEINAIOTCs JIAJIee JIOTmde-

Cik =

CKUMU AJITOPUTMAMU WU AJITOPUTMAMU JIMHEHHON MIn OMinHeiHoil
ONITUMUBAIINN.
[1] 2Kypasaes FO. H. O6 anrebpanveckoM MOIXO0/€e K PEIIEHHIO 3319 pac-

nosHaBanusa wm Knaccudukamun // IIpobremsr kubepreTnku, 1978.
T. 33.

International Conference IIP-10. Crete, Greece, October 4-11, 2014
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On a new modification of estimation algorithms

Zhuravlev Yuri zhur@ccas.ru

Moscow, Dorodnicyn Computing Center of RAS

The main complexity of estimation algorithms [1] is to define sys-
tems of support sets and parameters, which define the proximity in
the range of features. The methods that allow to substitute this com-
ponents with solving the problems of taxonomy with elementary al-
gorithms are elaborated. To obtain the rest of the components of the
algorithm, some easily applicable mappings of learning matrices and
information vectors of new objects into two subsets are proposed.

Consider a learning matrix (@1, ..., ik, -+, Qn), @ = 1,...,m,
the classes Kj, j=1,...,l, and a new object S = (b1,...,bn) to
be recognized. Let produce binary matrices for classes K; and a
new object S. Let use notation By, k=1,...,n, for the algo-
rithms that compute proximity By (bg, a;r) which is equal to 1 (when
there is proximity) or 0 (when there is no proximity). For objects
Si = (Qily e vy Qiky oo vy Qi) and S = (b1, ..., bk, ..., by), let form arow
of a binary matrix

S’(SZ—,S, KJ) = (Cih ooy Ciky oo 7Cin)
where

e = 1 Si € Ky, Bi(bi,aix) = 1 or 5; & Kj, Bi(by, air) = 0;
*700, S €K, Bilbg,ai) =1 or S; € Kj, Bi(by, i) = 0.

Let divide the rows S’ obtained this way into subsets M;: S; € Kj,
My : S; ¢ K; and thus obtain a binary matrix with the rows that can
be treated as ones and zeros of partially defined boolean function.
The recognition problem and the problem of computing “informa-
tive” parameters for estimation algorithms are solved onwards with
logic algorithms or algorithms of linear or bilinear optimization.

[1] Zhuravlev Y.I. 1978. Ob algebraicheskom podhode k resheniyu zadach
raspoznavaniya ili klassifikatsii [On algebraic approach to recognition
and classification problems]. Problemy kibernetiki [Problems of cyber-
netics] 33.

Mesxgynapognas kougepernus MOW-10. I'penusi, o. Kpurt, 4-11 okrsabpst 2014 r.
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OO6y4eHune pacno3sHaBaHuto 6e3 nepeoby4eHuns

Bazopyiivo Huxonatdi I'puzopvesun’? zag@math.nsc.ru
Kymmnenxo Oavaa Andpeesna'®x olga@math.nsc.ru

Buipanos Aaexcandp Oaezosun®

alexander.zyryanov44Qgmail.com
Jesanos JImumpuii Anercarndposus' levanovd@gmail.com
'Hosocubupck, Mucruryr maremaruxu um. C.JI. CoGoresa CO PAH

2Hosocubupck, HOBOCHGHPCKIiA TOCYIAPCTBEHHDIH YHIBEPCHTET

IIpoGtema 60pLOBI ¢ TIEpeOdy YeHNEM AJITOPUTMOB PACTIO3HABAHUST
SIBJISIETCS OJHOI M3 IEHTPAJIBHBIX [TPO0JIEM aHa/n3a JAaHHBIX. B pa-
60Te OIMCaH aJITOPUTM, KOTOPBII BEIOMPAET MTOIMHOXKECTBO HanboJ1ee
nHGOPMATUBHBIX O0BEKTOB U MPU3HAKOB, U OCTAHABJIUBAECT IIPOIECC
0OydeHnsT B TOUKE, B KOTOPO HAYNHAETCS epeodydeHue.

JLJ1sT BBIYUCIIEHUST CXOJICTBA MEXKY OOBEKTAMU UCIIOJIB3YEeTCsl TeP-
HapHasi OTHOCHUTE/IbHAsL Mepa — (DYHKIMS KOHKYPEHTHOI'O CXOJCTBA
(FRiS-dyukIms ), OUeHUBAIONIAs CXOACTBO OOBEKTA Z € G B KOHKY-
penruu ¢ b:

r(z,b) —r(z,a)
r(z,b) +r(z,a)

B duxcupoBaHHOM IPU3HAKOBOM IIPOCTPAHCTBE 00yYEHUE COCTO-
UT B IIOCJIEIOBATEIBHOM HADAITUBAHUN KOJTHYECTBA STAIOHHBIX 00b-
eKTOB («cTosmoB»). Ha KaxKJoM Imare yBeJInmdeHHs YHCJA CTOJIIOB
BBIYHC/IETCH Ka9eCTBO OINCAHUA BBHIOOPKH (MM OIEHKA Da3/ielIi-
MOCTH KJIACCOB), KOTOpasl 3aBUCUT OT CXOJCTBA OOBEKTOB C 3TAJO-

F(z,alb) =

HaMU U OT 4Jucijia 3TajoHoB. OOHApyXKEHO, 4TO B TOYKe Ieperunda
KPUBOM, OIUACHIBAIONIEH PA3IeINMOCTD KJIACCOB, 3aKAHIMBAETCS 00Y-
qeHre W HaduHaeTcs mepeobytdenne. Bpibop mHMOPMATHBHBIX IIPU-
3HAKOB Jestaercst ajaropurmMoM FRiS-Grad.

B pabore mpesiaraercs MeTO MPUHITHS PEIIeHUl ¢ yIeToM
B3BeIlleHHbIX paccTosiHuil. OUChIBAIOTCS Pe3yJIbTaThl TeCTUPOBAHUS
AJrOpUTMa Ha MOJIEBHBIX 3a1a4ax [1].

Pabora mognep:xana rparrom PODU Ne14-01-00039.

[1] Bazopytixo H.I., Kymmnenxo O.A., Bupanos A.O., Jlesanos /I. A.

O6yuenue pacrosnaBanuio 6e3 nepeobyuenns // Mammunoe o0y ueHue

n anaymm3 gansbix, 2014. T. 1. Ne7. C. 891-901 http://jmlda.org/

papers/doc/2014/no7/Zagoruiko2014Learning. pdf.
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Learning to recognition without overfitting

Zagoruiko Nikolay"? zag@math.nsc.ru
Kutnenko Olga'?* olga@math.nsc.ru
Zyryanov Alexander? alexander.zyryanov44@gmail.com
Levanov Dmitriy* levanovd@gmail.com

Novosibirsk, Sobolev Institute of Mathematics, SB RAS
2Novosibirsk, Novosibirsk State University

The problem of dealing with overfitting of recognition algorithms is
one of the central problems in data mining. The algorithm that selects
the most informative subset of objects and features and stops the
learning process at the point at which overfitting starts is described.

To calculate the similarity between objects the ternary relative
measure called the function of rival similarity (FRiS-function) is used.
It evaluates the similarity between object z and a vs. b:

r(z,b) —r(z,a)

P ab) = )

Education includes the consistent increase of number of reference
objects (stolps) in a fixed feature space.

On each step of augmentation of number of stolps, the estimation
of quality of the description of sample (or divisibility of classes) is
calculated. It depends on similarity of objects to stolps and quantity
of stolps. It was found that at the inflection point of the curve de-
scribing the separability of classes, training finishes and overfitting
starts. Selection of informative features is made by the algorithm
FRiS-Grad.

This paper proposes a decision-making method based on weighted
distances. The results of testing of the algorithm on simulated and
real problems are described [1].

This research is funded by RFBR, grant 14-01-00039.

[1] Zagoruiko N.G., Kutnenko O.A., Zyryanov A.O., Levanov D.A.
2014. Learning to recognition without overfitting. Machine Learn-
ing and Data Analysis 1(7):891-901 http://jmlda.org/papers/doc/
2014/no7/Zagoruiko2014Learning. pdf.
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JKcnepumMeHTasibHOEe nccaeaoBaHne MeToaa HesiBHOM
Kpocc-Banngauun B 3agade becnpn3HakoBOro
00y4eHuns1 pacrno3HaBaHMIO 0Opa3oB

Jesdux Iases Baadumuposus'« c0ld62@mail .ru
Yeproycosa Eaena Osezoenal lena-ezhova@rambler.ru
Cynezypos Jmumputi Cepzeesur’ elekt@bk.ru
Mommuabs Badum Bauecrasosumn® vmottlQyandex.ru

'MockBa, MOCKOBCKHi (PH3MKO-TEXHUICCKHH HHCTHTYT

2Mocksa, Borauciurensubii nearp PAH
B ormmume ot 0OBIYHON KpOcCCc-BaJduariuu, TPeOyroIneil MHOTO-

KPaTHOrO MOBTOPEHMS IpoIecca OOyIeHNs IPU Pa3HbIX Pa3sOneHnsax

obydaromeit COBOKYITHOCTH, METOJ HETBHOM KPOCC-BAJIMIAINH TIPE/I-

MoJIaraeT OJIHOKPATHOE BBLIYUC/IEHUE KPUTEPUSs, 3aBUCSIIIETO TOJHKO

OT MCXOJIHBIX JIAHHBIX M BapbUPYEMbBIX HAapaMETPOB PEryJIspU3AIUN.

B nmanHOM 10KJI8J1€ 9KCIIEPUMEHTAIBHO CPDABHUBAIOTCS METObI OOBIU-

HOIl ¥ HeSIBHOI KpOCC-BaJuIalliid B 3aJade pacro3HaBaHusl 00pa30B

Ha OCHOBE IIPEJICTABJICHUS OOBEKTA BEKTOPOM BTOPUYHBIX IPU3HA-

KOB, 00pPa30BAHHBIX CPABHEHMEM €r0 CXOJCTBA C KaXKIbBIM U3 00D-

eKTOB oOydaromeii coBokynHocTu. OTOGOp IOAMHOXKECTBa pPeJIeBaH-

THBIX 00yYaloNux 00BEKTOB, C KOTOPBIMHU JIOCTATOYHO CPABHUBATH

peIbsIBJIEHHBIN 00beKT, obecrieunBaer Kpurepuit o0ydenns: Elastic

Net SVM (support vector machine), comepzkamuii cTpyKTypHBIii 11a-

paMeTp, OmpenessIonnii CTeleHb CEJeKTUBHOCTH oTbopa. B Kade-

CTBE MCTOYHUKA IKCIEPUMEHTAJBHBIX JIAHHBIX HCIIOJH30BAH N3BECT-

e MaccuB «Chicken Pieces Silhouettes Database», comepxkaruii

446 curysTHBIX M300parXKeHuil Yacreil Kypuibl (KPbLIBLIIIKO, CIMHKA,

HOXKKa, OEIPBIIIKO, I'PYIKA), UPeACTaBaeHHbX 44 pasubiMu QyHK-

USIMU TIAPHOTO cpaBHeHUs n3obpaxkenuit. OKa3aja0ch, YTO HEsSBHAS

KPOCC-BaJUIAINS BBIIEISIET BCETO HECKOJIHKO PEIEeBAHTHBIX O0BHEK-

TOB, JOCTATOYHBIX JJIsT PEIIAIONIETO TPABU/IA, B TO BpeMs KaK OObIt-

HBIl CKOIb3AIUI KOHTPOJIb B JAHHOI 3a/a4e OKa3aJjiCd HEeYyBCTBU-

TeJBHBIM K cejieKTuBHOCTH 0T6Opa [1].

Pabora mognepxkana rparrom PODU Ne14-07-00661-a.

[1] E. Chernousova, P. Levdik, A. Tatarchuk, V. Mottl, D. Windridge.
Non-enumerative cross validation for the determination of
structural parameters in feature-selective SVMs // 22th Conference
(International) on Pattern Recognition Proceedings. Stockholm,
Sweden, 2014.
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Experimental study of hypothetical cross validation
applied to determination of structural parameters
in featureless pattern recognition

Levdik Pavel'x c01d62@mail.ru
Chernousova Elena! lena-ezhova@rambler.ru
Sungurov Dmitry' elekt@bk.ru
Mottl Vadim? vmottl@yandex.ru

'Moscow, Moscow Institute of Physics and Technology
2Moscow, Computing Center of RAS

As distinct from the usual cross validation, which requires multi-
ple repetition of the training process with different partitionings of
the training set, the method of hypothetical cross validation implies
computation of a single criterion that depends only on the original
data set and regularization parameters to be varied. In this paper,
the methods of usual and hypothetical cross validation are experi-
mentally compared in the problem of relational pattern recognition,
which is based on the representation of any real-world object by the
vector of secondary features formed by measuring its proximity to
each of the objects in the training set. The selection of a subset of
relevant training objects, which would be sufficient for the represen-
tation of the given object, is provided by the training criterion Elastic

Net that includes a structural parameter responsible for the selectiv-

ity level. As the source of experimental data, the well-known data set

“Chicken Pieces Silhouettes Database” is used, which contains 446

silhouette images of specific chicken parts (wing, back, drumstick,

thigh, breast) represented by 44 different pairwise image comparison
functions. The experiments have shown that the hypothetical cross
validation selects only a few number of relevant training objects that
are completely sufficient for the classification rule, whereas the usual
leave-one-out procedure, which requires, in addition, a much greater

amount of computation, is insensitive to the selectivity level [1].
This research is funded by RFBR, grant 14-07-00661-a.

[1] E. Chernousova, P. Levdik, A. Tatarchuk, V. Mottl, D. Windridge.
2014. Non-enumerative cross validation for the determination of struc-
tural parameters in feature-selective SVMs. 22th Conference (Interna-
tional) on Pattern Recognition Proceedings. Stockholm, Sweden.
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CpaBHeHUue NCKaXKeHHbIX TMCTOrpamMm
BEpPOSATHOCTHbIMU MeToAamMu

Jlencruti Aaexcandp Eezenvesun alex.lepskiy@gmail.com

Mocksa, HanponaasHbIi nccaeqoBaTeIbCKuil yHUBEpCUTET «Boicimas
IIKOJIa 9KOHOMMUKM»

IIpobsiema cpaBHEHHSI THECTOrPAMM BO3HUKAET IIPU PEIIeHUH
MHOTUX TPUKJIAIHBIX 3329 aHajan3a JTaHHbIX. 1log cpaBHeHHEM
OymeM TOHUMATDL OMpeJeeHne Ha MHOXKECTBE THCTOTPAMM BHU-
na U = (z;,ui)icr, ; < Tiy1, ¢ € I, orHOmEeHUs TUIA «BOJIbIIE-
MeHbItey. [IpuMmepamMu Takux 3a/a9 sABJSIOTCS: CPABHEHUE DE3YJib-
TaTOB Pa3/IMYHBIX OIBITOB, CPABHEHHUE TI0Ka3aTes el (PDyHKIMOHNPOBa-
HUS OJTHOPOIHBIX CUCTEM, IPUHSTHE PEIIEHUN B YCJIOBUSX HEIETKOCT-
HOI HEOIIPEIeIEHHOCTH, CPABHEHNE PACIIPEIEIeHNN JOXOI0B, PAHKI-
pOBaHMe YyJAITUXCS IO PE3yIbTATAM-TUCTOTPAMMAaM X OIEHOK M T.JI.

st cpaBHEHUsI TUCTOTPAMM B PAbOTe PaCCMATPUBAIOTCS METOJIbI
BEPOSITHOCTHOI'O ITOJIXOJIA, B KOTOPOM CPAaBHUBAIOTCS HEKOTOPBIE UMC-
JIOBBIE XapPAaKTEPUCTUKY CJIyIailHbIX BEJIMYNH, CBSI3AHHBIX CO CPABHU-
BaeMoii mapoii rucrorpamMm. HeobXoanMo yIUTBIBATH, ITO CAMH T'H-
CTOTPAMMBI MOTYT OBITH 38JIaHBI C TOM MJIM WHON CTEIEeHbIO HETOTHO-
ctu. XapakTep U MPUIUHDBI STUX HETOTHOCTEH MOTYT OBITH PA3TUTHBI.
B pa6OTe 1101, UCKazKeHHEeM ITIOHMMaIOTCA I/IHTepBaJIbeIe IIOTOY€YHbIE
HEKOPPEJINPOBAHHbIE M3MeHeHUsl. BO3HUKaeT 3ajiavda OIIpejie/IeHus,
MOXKET JIU JIaHHOe WCKAaXKEeHWe T'MCTOrPAMM M3MEHUTHh MX CPaBHEHUE
OIIPEIEIEHHBIM METOIOM Ha TMPOTHUBOIIOJIOXKHOE.

B pabore moydeHns HeOOXOMMBbIE U IOCTATOIHBIE YCIOBUST Ha, UC-
KaXKeHWsI Tapbl TUCTOIPAMM, TapAHTUPYIOINE COXPAHEHHE 3HAKa
cpapHenus. VcciieioBanne MpoBEIEHO JJIsi TPEX BEPOSITHOCTHBIX Me-
TOJOB CpPaBHEHUS: MATEMATHYECKOIO OXKUJAHWUS, CTOXACTUYECKOTO
JOMUHUPOBAHHUSI, CTOXACTUIECKOTO TIPENTECTBOBAHNUS. Y TBEPKICHUA
MIPOMJLITIOCTPUPOBAHBI UCCJIEIOBAHUSAME YCTONIMBOCTH CPABHEHUI TH-
crorpaMM pe3yibTaroB EI'D abuTypueHTOB, IIOCTYIUBIIUX B BY3HI.

WcciieroBanne ocyiecTs/ieHo B paMkax IIporpaMmbr dyHIameH-
TanbHbIX ucciemosanuit HUY BIID B 2014 romy u npu moiiep:rke
PO®U, rpant Ne14-07-00189.

[1] JIencxui A. E. CpaBHeHHe HCKasKEHHBIX THCTOIDAMM BEPOSITHOCTHBI-

Mu Merogamu // MammnaHoe o0yueHnme u aHauu3 gaHHbX, 2014.

T. 1. Ne8. C. 949-965. http://jmlda.org/papers/doc/2014/no8/
Lepskiy2014Comparison.pdf.
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Comparison of distorted histograms by probability
methods

Lepskiy Alexander alex.lepskiy@gmail.com

Moscow, Higher School of Economics

The comparison of histograms is necessary in many applied problems
of data processing. The comparison of type “more-less” is considered
in this paper. There are many approaches to such comparison. Some
methods of probability approach were considered in this paper.

But the histograms may be distorted. We consider pointwise inter-
val uncorrelated distortions of histograms. Then we have a problem to
find the conditions on distortions under which the comparison of the
two histograms is not changed.

This problem solved in the case of three popular probabilistic
methods of comparison: comparison of mathematical expectations,
comparison with help of principle of stochastic dominance, compari-
son with help of principle of stochastic precedence.

The characteristics of stability of histograms to distortion are in-
troduced. These characteristics are calculated for histograms of USE
(Unified State Exam) of applicants admitted in 2012 in Russian uni-
versities.

The study was implemented in the framework of The Basic Re-
search Program of the Higher School of Economics. This work was
supported by the grant 14-07-00189 of RFBR (Russian Foundation
for Basic Research).

[1] Lepskiy A. 2014. Comparison of distorted histograms by probability
methods. Machine Learning and Data Mining 1(7):949-965. http://
jmlda.org/papers/doc/2014/no8/Lepskiy2014Comparison. pdf.
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OOy4eHne MOHOTOHHOro knaccudukaTopa
Gan>kanwero cocega No HEMOHOTOHHOW BblIDOpKe

Maxunra I'aarurna AnamoavesHna galkabird@gmail.com

Pywmprans, Byxapect, ModuleWorks

MonoToHHBIE KiTaccu(UKATOPHI HAXOJIAT IIPUMEHEHNEe B IPUKJIAT-
HBIX 33/[a9aX ¢ OrPAHUIEHUSIMU MOHOTOHHOCTHU (KOTJIa U3BECTHO, ITO
4yeM GoJiblile 3HAYEHUE IIPU3HAKA, TeM BbIIIE BEPOATHOCTH Kjacca 1),
a Tak»Ke IPHU IIOCTPOEHNN KOMITO3UIHH KJracCuUKaTOPOB.

IlocTpoenre MOHOTOHHOI (DYHKIUU TI0 338JAHHONU BBIOOPKE OOBIT-
HO TPEJIIoJIaraeT perieHne JByx mojzajad. CHadasa MPOM3BOJINAT-
csl MOHOTOHU3AIUs UCXOJIHOM BBIOOPKHU IYyTEM UCKJIIOYEHUS WJIU I1e-
pekitaccunduKammn 00bEKTOB, HAPYIIAIOIINX MOHOTOHHOCTH. 3aTeM
CTPOUTCS MOHOTOHHAS (DYHKIIUS, IIPOXO/IAIIA YePe3 TOIKH MOHOTO-
HU3UPOBAHHON BHIOOPKH.

[Ipennaraercst MOHOTOHHBIN KJiraccudukaTop OJimzKaiiero coce-
na (MNN), koropsiii He Tpebyer TPYIOEMKOTO IIPEIBAPUTEIHLHOTO
ITara MOHOTOHU3AINU BBHIOODKW. BBeleHue crenmaiabHON QyHKIIN
M-paccTrostHust MEKIy KJIACCUPUITIPYEMBIM 00HEKTOM U 00HEKTAaMHI
obyJaroreit BLIDOPKH TapaHTUPYET, ITO KJIaCCUMUKATOP OIuzKaiIIe-
TO COCe/ia SIBJIIETCS MOHOTOHHOM (DYHKIMEH Tph Jio0oi BBIOOPKE.
AmnasiornuHasi KOHCTPYKIHsl ObLIa IIpeJjIoyKeHa padee B [1], HO npu-
MEHSJIACh TOJIBKO K MOHOTOHU3WPOBAHHBIM BBIOOPKAM, U TOJIBKO JIJIst
3a/1a9M BOCCTAHOBJIEHUS YACTUYIHO 33]AHHBIX MOHOTOHHBIX OyJIEBBIX
dbyukmuit. B mokmame paccmaTpuBaercsa eé o00OIeHMe Ha CiIy<ait
[IPOU3BOJIBHBIX JUCKPETHO3ZHAYHBIX IIPU3HAKOB.

L1 TIpeJJIoXKEHHOTO AJITOPUTMA TTOJIyYeHBbl JTOCTHKUMBbIE BEPX-
HU€ U HUYKHHE OIEHKHU IIOJIHOTO CKOJIb3sinero KouTposs (CCV), Bbi-
9UCJIUMBIE 38 TTOJTMHOMUAIbHOE BpeMs. VX MUHUMU3AIs TO3BOJISET
MIPOU3BOIUTH OTOOP MPU3HAKOB B 331a9aX KJIACCUMDUKAIIN C O DAHU-
YeHneM MOHOTOHHOCTH.

[1] Mazuna IA. O BocCTAHOBJIEHUM MOHOTOHHBIX OyieBbIX (yHKIMIL
MeTozmoM Gumkaiitero cocema // 9-a Mexnynapomnas KoHbepeH-
musi «WuTe/mtekryanuzanuss obpaborku wmHopMaruny, NMOU-9. —
M.: MAKC IIpecc, 2012. — C. 78-81.
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Learning isotonic nearest neighbor classifier from
non-isotonic training set

Makhina Galina galkabird@gmail.com

Romania, Bucharest, ModuleWorks

Isotonic classifiers are used in applications with monotonicity con-
straint when it is known beforehand that the probability of class 1 is
increasing in value of features. Isotonic classifiers also can be used as
aggregating functions for ensemble learning.

Learning isotonic classifier from a given training set usually in-
volves two subproblems. At the first step, all objects violating a
monotonicity constraint are eliminated or relabeled. The second step
implies learning a classifier on monotone data.

We propose a monotone nearest neighbor (MNN) classifier which
doesn’t involve the first step of relabeling. The monotonicity of the
classifier is ensured by introducing a special M-distance function to
measure a distance between a training object and an object to clas-
sify. A similar technique was applied in [1], though that time it was
considered only for monotone data set and only for Boolean-valued
classifiers. Here we consider a generalized approach for the case of
ordinal discrete-valued features.

For the MNN learning algorithm we induce the strict lower and
upper bounds of the complete cross-validation (CCV) computable in
polynomial time. Minimization of CCV allows for feature selection in
classification problems with monotonicity constraint.

[1] Makhina G. A. About reconstruction of monotone Boolean func-
tions with nearest neighbor classifier // The 9th International Con-
ference “intellectualiztion of Information Processing”, Moscow, 2012,
Pp. 78-81.
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HekoTopbie Bonpockl oueHnBaHUSA Ka4yecTBa MeTOA0B
nocTpoeHns pewatownx pyHKLmMiA

Hedeavko Buxmop Muxatinosuy nedelko@math.nsc.ru

Hosocubupck, Uucrturyr maremarukun CO PAH

Pabora mocssmena mpob/ieMe OIeHNBAHNS KAatdeCTBA METOJIOB IT0-
cTpoeHus permaomux GyHKIUH B 3a7a4uax Kiaaccudukanuu. Vcce-
JIyeTCsl BOBMOXKHOCTDb HCIIOJIb30BAHUS IO/IX0/Ia, OCHOBAHHOI'O HA 3a-
JAHUU TAJIOHHOTO HADOpPa TECTOBBIX 3aJ1a4, & TaKyKe CBA3b JITaHHON
pobJteMbl ¢ TPODJIEMOi OTICHMBAHUST PUCKA B 3aJade KJIacCuuKa-
AW, B YACTHOCTU HAXOXKJIEHUs PACIPENEJIEHUN, MPU KOTOPBIX II0-
TPEITHOCTH OIEHKHM PUCKA MAKCUMAJIBHA.

B kauecTBe TECTOBBIX €JMHMWI], HA KOTOPBIX ITPOU3BOIUTCS CPAB-
HEHUE METOJIOB, IIPEeJJIaraeTcs UCIO0Jb30BaTh CIEeINaAIbHBIM 00pa3oM
mofobpaHHble KJIACChl pacipeestennii. Kitacesl pacupemenennii mo/i-
OGuparoTcss TaKUM 00pa3oM, YTOOBI CTATHUCTUYIECKOE MOJETHPOBAHUE
Ha HUX 10 BO3MOXKHOCTH IIOJIHO OTPAaKAJIO OCOOEHHOCTH TECTUPYEMO-
ro Meroja OOydYeHUsi. DTO, B YaCTHOCTH, O3HAYAET, YTO KJIACC Pac-
[IpeIeJIEHUI JIOJIXKEH SIBJISIThCSI IAPaAMETPUYECKUM CEMENRCTBOM, OJUH
U3 MMapaMeTPOB KOTOPOT'O €CTh HAMMEHBIIEeE JOCTUTAEeMOe 3HAYUEHUE
pUCKa B 33]AHHOM KJIACCE PEINAONINX IIPABILIL.

Jpyrum BazKHBIM TaPAMETPOM SABJISETCSH BEJIUINHA CMEIEHIS SM-
[MUPUYECKOIO PHUCKA. YCTAHOBJIEHO, YTO JJIs THCTOIPAMMHOIO KJIAC-
cudukaTopa «HAMXY/IEee» pacupeesenne (JJisi KOTOPOro CMeIeHre
SMIIUPUYIECKOIO PUCKA MAKCUMAJBHO) ABJISIETCS CMECHIO PABHOMEp-
HOrO (B IIPOCTPAHCTBE IIEPEMEHHBIX, MCIIOJIb3YEMbIX JJis IIPOrHO3A)
pacrpeiesieHnsi U PACIPE/IEIEHUsI, COCPEIOTOYEHHOIO B O/IHOM TOYKE.

IlomobHOTO BUmA pacipee/ienns Jerko MOryT ObITh 33laHbl U B
HEIIPEPBIBHOM IIPOCTPAHCTBE IT€PEMEHHBIX. Pe3ysibTarsl craTucTuye-
CKOT'O MO/JIEJIUPOBAHMUS [TO3BOJISIFOT ITPEJIIIOJIOKUTh, UTO HA TAKUX PAC-
IpeIeJIeHusIX OyIeT JTOCTUTAThCS MAKCHMAJIBHOE CMEIIEHNE SMIUPHU-
YECKOI'O PHUCKA U I APYruX (IOMHMO IMCTOIDAMMHOIO) METOJ0B
kiaccndukamyn [1].

Pabora nognep:xana rparTom PODU Ne14-01-00590.

[1] Hedeavro B. M. Hekoropbie BOLIPOCHI OLEHUBAHUS KAY€CTBA METOIOB
nocrpoenus pematomux (ynkmmit // Bectamk Tomckoro roc. yu-ta.

YupasjeHune, BEIYUCIUTEIbHAA TeXHUKA 1 mHpopmaruka, 2013. T. 3.

Ne24. C. 123-132.
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Some aspects of estimating a quality of decision
functions construction methods

Nedelko Victor nedelko@math.nsc.ru
Novosibirsk, Institute of mathematics SB RAS

The paper is devoted to the problem of estimating a quality of deci-
sion functions construction methods in classification (pattern recog-
nition) task. An approach based on constructing some special set of
testing tasks is investigated.

Some kinds of paramertical sets of distributions are suggested for
using as the testing tasks.

An important class of such distributions are comprised by the
distributions delivering the maximal bias of empirical risk. In the
case of histogramm classifier, these distributions look as a mixture
of uniform distribution and distribution collected at a point. The
statistical modeling performed allows to evaluate an applicability of
the results obtained [1].

This research is funded by RFBR, grant 14-01-00590.

[1] Nedelko V. 2013. Some aspects of estimating a quality of decision func-
tions construction methods. Herald of Tomsk State University. J. Con-
trol and Computer Science 3(24):123-132.

Mesxgynapognas kougepernus MOW-10. I'penusi, o. Kpurt, 4-11 okrsabpst 2014 r.



22 Teopust knaccuduramuu

OOy4eHne MHOrok1accoBOoMy pacno3HaBaHUIO
0oOpa30B no 6onbWNM 00yHaloLWMM COBOKYMNHOCTSIM

Huxuwun Muzaua Cepzeesur' j48salb0a.p3az@gmail . com

Kpacomxuna Oavza Bauecaasosna'

o.v.krasotkina@yandex.ru
Mommas Badum Bavecaasosur’ vmottl@yandex.ru
'Tyira, Tymbckuii rocyapCTBeHHbIH YHIBEPCATET

2MOCKBa7 Borauciourensnnrit nearp PAH

Bo muOrmx obsiacTsix TEXHUYECKHX U €CTeCTBEHHO-HAYYHBIX HUC-
CJIeJIOBAHUI YaCcTO BO3HUKAET IIPObJIeMa MHOIOKJIACCOBOI Kiiaccudu-
KAIlUM JIAHHBIX C yYUTeJeM IPU yCJIOBUU, UTO pasdMep oOydarorieit
COBOKYITHOCTH JIOCTATOYHO Bejuk. Vmeroruecst B JaHHBIE MOMEHT
MEXaHU3MBbI 00ydIeHusT JTUO0 00IaTAI0T CIUIITKOM OOJIBITION BBITUCIIN-
TEJIBHOW CJI0YKHOCTHIO, ITOOBI MPOM3BOAUTL OOyUeHrne Ha OOIBITAX
MaCCUBax JAHHBIX, JJUOO MPUHIIAINAJIBHO CIIOCOOHBI pabOTaTh JIUIIH
¢ AByMsI KjlaccaMu. Bojiee TOTOo, B HEKOTOPBIX 3ajadax Tpedyercs: He
TOJIBKO YKA3bIBATh CAMBIl [IPEAIOYTUTEIbHBINA KJIACC HOBOTO TIOCTY-
MUBIIIET0 O0BEKTA, HO U YKA3BIBATH AIIOCTEPUOPHBIE BEPOSITHOCTH €0
OTHECEHUSI K TOMY WJIA MHOMY KJIACCy.

Wnes paboTbl 3akK/II09aeTCs B IMOCTPOEHUM MEXaHU3Ma, OIUpa-
FOIIErOCsT Ha XOPOIIO M3BECTHYIO 3aJ[a4dy JIBYXKJIACCOBOU Kjaccupu-
KaIlUM C HaJOYKEHWEeM Ha Hee TPeDOBAHWS HEYETKOCTHU PEIIaroIero
npasuia. [Ipemraraercss HCIIOIB30BATH METOJ MHOTOKJIACCOBOTO PAC-
[MO3HABaHUs 00PA30B, OCHOBAHHBIA HA METOJE JABYXKJIACCOBOI KJIac-
cuduKanuy ¢ HEYETKUM DEeIaroIuM IpaBuyoM. Takas IOCTaHOBKA
3a/1a91 CIIOCOOHA YMEHBIUTD BBIYUCIUTETBHYIO CJIOKHOCTD JIO CJI0K-
HOCTH, GJIN3KOH K JIMHEHHON 10 KOJIMYeCTBY OODbEeKTOB. TakxKe oHa
BBITOJIHA, TE€M, UTO CYIIECTBYET BO3MOXKHOCTH [IJIsi PaCIapaJlIe/nBa-
HUS BBIYHUCJICHUY Ha MHOTI'OIIPOIIECCOPHOI MalllMHE WJIN 3aIPY3KOU nC-
XOJHOM 00ydJaroIeil COBOKYITHOCTH B aMsTh 9BM 110 gactsim, coor-
BETCTBYIOIINM KaXkKJI0#l mape KJ1accoB.

Pabora nmognepkana rpantom PO Ne 14-07-00527-a.

[1] Aeoenro C.A., Mommav B.B., Cepedur O.C. Ilponeaypa pacnossa-
BaHUA O6p330B JJId ClIy4dasd MHOTI'UX KJIaCCOB, OIIMpAaroIadcd Ha COBO-
KYIHOCTH (DYHKIHI CTEeHN JOCTOBEPHOCTH I nap Kiaccos // W3-
Bectusa Tynl'V, BerauciaurenbHass TEXHHKA, aBTOMATUKA, yIIPaBJIeHUE,

1999. T. 2. Bem. 2. C. 28-35.
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Multiclass pattern recognition from large training sets
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Mottl Vadim?® x vmottl@yandex.ru

!Tula, Tula State University
2Moscow, Computing Center of the RAS

The problem of multiclass supervized pattern recognition from large
training sets is typical for many applications in engineering and sci-
entific research. The existing training methods either suffer from too
high computational complexity that hinders their application to large
data sets or are in principle unable to work with more than two
classes. Moreover, in many applications, it is required not only to
indicate the most preferable class of the new object, but also to esti-
mate the posterior probabilities of its class memberships over several
classes.

The idea of this work consists in constructing a mathematical
framework that harnesses the well-known probabilistic methodology
of two-class pattern recognition, which yields the posterior probabil-
ity of one class against the other. A mathematical framework of fusing
several single two-class posterior probabilities into a unified posterior
distribution over all the classes is suggested. This approach has dis-
played its ability to reduce the computational complexity of training
to almost linear with respect to the size of the training set. Another
advantage of the proposed approach is that it evidently lends itself
to easy parallelization using a computer cluster, for instance, by way
of loading the training set in parts associated with single pairs of
classes [1].

This research is funded by RFBR, grant No. 14-07-00661-a.

[1] Dvoenko S.D., Mottl V. V., Seredin O.S. 1999. A pattern recognition
procedure for the case of several classes on the basis of the set of confi-
dence functions for pairs of classes. Izvestiya of Tula State University.
Computers, Automation and Control. 2(2):28-35. [In Russian.]
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KombuHupoBaHue 4acTUYHbIX MOPSIAKOB B 3ajaqe
0o0y4eHus No npeanoYvTeHUsIM

Cmenuna Mapus MuxaiiasosHax mmedvednikova@gmail.com
Kysneuos Muxaun Ilasaosuv mikhail.kuznecov@phystech.edu

Hosronipynubtit, MOCKOBCKHUIT (PUBUKO-TEXHUIECKUH UHCTUTYT
(rocymapCTBEHHBIN yHUBEPCHUTET)

Pemaercsa 3aja1a 06ydeHus 10 MPEIIIOITEHUSIM C UCIIOJIH30BAHM-
€M YACTUYHO YIOPSJIOYEHHBIX MHOXKECTB 3HAYEHUI IIPU3HAKOB. 3a-
JAHO MHOXKECTBO OOBEKTOB MOIITHOCTH M. KaXKIblif 00bLEKT OMUCAH
HaOOPOM MPU3HAKOB MOIIHOCTH 7, TPUIEM HA MHOXKECTBE 3HAUCHUI
KaXkKJIOTO TpU3HaKa 33aHO0 OTHOIIEHHE YACTHIHOTO Topsaka. py-
TUMM CJIOBAMM, KaKJIbli j-#i TPU3HAK OMPEJIENsieT j-€ OTHOIICHUE
[IOIAPHOTO JOMUHUPOBaHUS OOBEKTOB. Tpebyercss pemmurh 3aady
MIOCTPOEHNS ONTHUMAJILHOTO OTHOIIEHUST JOMUHUPOBAHUST HA MHOXKE-
CTBE OOBEKTOB, TI€ ONTUMAJbHOCTH MOHMMAETCS B CMBICJIE OJIM30-
CTH TIOCTPOEHHOTO OTHOINEHUsT 00BEKTOB K MCTUHHOMY, 33 TaHHOMY
Ha 0OyYaloneM MOoMHOXKeCTBe. B KadecTBe YaCTHDBIX C/IYYaeB, OIpe-
JeJASIeMBIX CBOMCTBAMU OTHOIIEHUS MOPSIKA HA MHOMKECTBE O0bEK-
TOB, PACCMATPUBAECTCS 3398 PAHXKUPOBAHUS U 331298 MTOPSIKOBOM
KJIacCuPUKAINE ¢ MOHOTOHHBIMHA OT'PAHMICHUSIMHA.

Pemrenne 3amaau mpoBoauTcs B aBa srana. Ha mepBoMm sTame mpes-
JlaraeTcs OIEHUTH MAaTPUILy MOMapPHOTO JTOMUHHPOBAHUS OOBHEKTOB
IIyTeM KOMOWHUPOBAHUS YACTUIHBIX IOPSAIKOB, COOTBETCTBYIOIINX
npu3HakKaM. SHAYEHUsT SJIEMEHTOB IIOCTPOEHHOM MATPUITLI TPUHAIJIE-
KaT eJUHUIHOMY OTPE3KY HeHACTBUTENHHON OCH M BBIPAXKaloT CTe-
MIeHb OTHOIIEHWST JOMUHHUPOBAHUS COOTBETCTBYIOMNX 00BeKTOB. Ha
BTOPOM 3Talle IMpeIaraeTcs BOCCTAHOBATD ONTUMAJILHOE OTHOIIICHUE
JOMUHHPOBAHUS C HUCIIOJb30BaHUEM B3BeNIeHHOTO rpada, CoOTBeT-
CTBYIOIIEro mocTpoeHHoil Marpuie. C MOMOIIBIO annapara KOHYCOB,
COOTBETCTBYIOIIUX YACTUIHBIM TIOpsIKaM [1], mokasbiBaercs, 9To 110-
CTPOEHHAasT MOJEJb OMUCHIBAECT JOCTATOTHO IMIPOKOE MHOXKECTBO BO3-
MOXKHBIX perennii. [Ipeamaraercss MeTo COKpaIeHns pa3MepHOCTH
MIPOCTPAHCTBA MAPAMETPOB MO/JIEJIN.

Pabora nmopneprkana rpantom PO Ne 14-07-31042.

[1] Kuznetsov M., Strijov V. Methods of expert estimations concordance

for integral quality estimation // Expert Systems with Applications,
2014. Vol. 41. No. 4. P. 1988—1996.

International Conference IIP-10. Crete, Greece, October 4-11, 2014



Theory of Classification 25

Partial orders aggregation for preference learning
problem
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Dolgoprudny, Moscow Institute of Physics and Technology (State
University)

A preference learning problem is solved using partial orders of feature
sets. The problem is as follows The set of m objects is given. Each ob-
ject is described by the set of n features such that every feature value
set is a poset. In other words, every jth feature defines jth dominance
relation between each pair of objects. The problem is to construct an
optimal dominance relation on the set of objects, where optimality
is defined as the proximity of the estimated dominance relation to
the proper relation, given on the learning subset. In the special case
of a preference learning problem, an ordinal ranking problem and
an ordinal classification with monotonic constraints are considered.
It is shown that different special problem settings correspond to the
different properties of a partial relation.

A two-stage algorithm is suggested to solve a problem. On the
first stage, a matrix of the pairwise dominance of objects is esti-
mated by aggregating partial orders corresponding to the features.
The values of the estimated matrix belong to the [0, 1] segment and
describe the rate of the corresponding objects dominance. On the sec-
ond stage, it is proposed to estimate an optimal dominance relation
using a weighted graph corresponding to the obtained matrix. Using
the partial order cones technique [1], the present author proves that
the constructed model describes a sufficiently wide set of possible
solutions. A method of the parameter space dimension reduction is
suggested.

This research is funded by RFBR, grant 14-07-31042.

[1] Kuznetsov M., Strijov V. 2014. Methods of expert estimations concor-

dance for integral quality estimation. Expert Systems with Applications
41(4):1988—1996.
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BaiiecoBckne noctaHoBkM 3agayvun oby4veHus
pacno3HaBaHuio obpa30B N0 MeToAy OMOPHbIX
BEKTOPOB C yNpaB/sieMOi CefeKTUBHOCTbIO OTOOopa
MHOPMaATUBHbLIX NPU3HAKOB 00bLEKTOB

Tamapuyx Aaexcarndp Uzopesurux aitech@yandex.ru
Mommuaws Badum Bsiuecaasosun vmottl@yandex.ru

Mocksa, Beraucaurensusrit iearp PAH

Haubosee momysssipHbIM METOIOM OOyYeHUs JIMHEHHOro KJacCu-
dukaTopa 10 06ydaOIIEell COBOKYIIHOCTU SIBJISIETCS METOJ, OIIOPHBIX
BekTopoB (Support Vector Machine — SVM). Ounnako upu Bceit a¢-
PEKTUBHOCTH METO/, OIIOPHBIX BEKTOPOB OCTAETCS 9BPUCTUIECKUM 110
cBoeit koHCTpyKImu. C MOMEHTa €ro CO3JaHusi B MUPOBOIl JiTepa-
Type ObLI IPEeJIPUHIT PsJL MOIBITOK CHAOINTEL €r0 HEKOTOPOil Bepo-
SATHOCTHOI MHTEPIIPeTaneil, OJHAKO 3T MHTEPIPETALNN OCTABAIICH
HE3aBEPIIEHHBIMHU, HE [MO3BOJIAIOIIUME B IIOJIHON MEpe HCII0JIb30BaTh
BEPOSITHOCTHBIN alnapar Jjisd HaJleJleHUs] YPE3BbIYAHO ITOILYJIsIPHO-
0 METO/Ia OIOPHBLIX BEKTOPOB MPUHITUIINAILHO HOBBIMU CBONCTBAMM.
[Ipemraraercs crenuaibHast DalieCOBCKast TIOCTAHOBKA 00y I€HUs pac-
[IO3HABAHUIO JBYX KJIACCOB OOBLEKTOB B JIMHEHHOM IIPU3HAKOBOM IIPO-
CTPaHCTBE, IPUBOIAINAS K 0000IIEHNI0 METO/Ia OIIOPHBIX BEKTOPOB U
SIBJISFOINASICST TEOPETUYECKON OCHOBOI JIJIsI CO3JaHUsI HOBBIX METOJIOB
obyuenusi. Kpome Toro, crpemiienre nu3bexkarh mepeobydeHust 3aCTaB-
JIIET CTPOUTH CEJIEKTUBHBIE CHCTEMBI PACIIO3HABAHUs, OCHOBAHHLIE
Ha COKPAIEHUU MHOXKECTBA IIPU3HAKOB, XapaKTEePU3YIOIINX 00bEK-
THI pacrno3HaBanus. IIpejiaraercs MCIOIB30BATH BHLIOOD AlIPUOPHO-
o paclpejesieHns HaIlPABJISIONIEro BEKTOPa Pasessrolleil ruiep-
IJIOCKOCTH JIJIsl HAJEJEHUs] METOJIa OIIOPHBIX BEKTOPOB B €ro BEpo-
SATHOCTHON MHTEPIIPETAIIMN CIIOCOOHOCTHIO aBTOMAaTHYECKN OTOUpaTh
MOJIMHOYKECTBO MH(MOPMATUBHBIX TPU3HAKOB C 3aJ@HHBIM yPOBHEM
cejekTuBHOCTU. Ha 3T0il ocHOBe paspaboTaHbl HOBLIE CEJIEKTHBHBIE
MOMUKAIIT METO/IA OTOPHBIX BEKTOPOB [1].

Pabora moonepxxkana rpamtamm POOU 11-07-00409 n 14-07-
00661.

[1] Seredin O., Mottl V., Tatarchuk A., Razin N., Windridge D. Convex
support and relevance vector machines for selective multimodal pattern

recognition // 21th Conference (International) on Pattern Recognition
Proceedings. — Tsukuba, Japan, 2012. P. 1647-1650.
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Bayesian feature-selective formulations of the pattern
recognition problem based on support vector machine
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Moscow, Computing Center of the RAS

The Support Vector Machine (SVM) is the most popular method of
finerring a linear classifier from the given training set. However, this
method, despite its exceptional effectiveness, still remains a heuristic
one by construction. Since the creation of the SVM method, several
attempts have been endeavored to supply it with some probabilistic
background, but all these interpretations were uncompleted and re-
mained insufficient for endowing this extremely popular method with
principally new properties. In this work, a special Bayesian formula-
tion of the two-class pattern recognition problem in the linear feature
space is proposed that results in an essential generalization of the

SVM idea and serves as a theoretical basis for developing new train-

ing methods. Besides, the intent to avoid the overfitting danger leads

to the necessity to create new feature-selective pattern recognition
systems that would be based on reducing the set of object features.

It is proposed to harness the choice of the a priori distribution of

the discriminant hyperplane’s direction vector as a mathematical in-

strument of providing the SVM, in its probabilistic formulation, with
the ability to automatically select a subset of features with the preset
selectivity level. The respective theoretical framework has resulted in
developing new mathematically sound feature-selective modifications

of the originally heuristic SVM idea [1].

The work was supported by RFBR, grants 11-07-00409 and 14-

07-00661.

[1] Seredin O., Mottl V., Tatarchuk A., Razin N., Windridge D. 2012.
Convex support and relevance vector machines for selective multimodal
pattern recognition. 21th Conference (International) on Pattern Recog-
nition Proceedings. Tsukuba, Japan. 1647-1650.

Mesxgynapognas kougepernus MOW-10. I'penusi, o. Kpurt, 4-11 okrsabpst 2014 r.



28 Teopus kiraccudukamu

OTbop npusHakoB B 3agave oby4eHus
pacno3HaBaHuMiO 00pa30B Npu cmeLleHnn
pelwatowiero npasuna
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Kpacomxura Oavea BauvecaasosHa o.v.krasotkna@yandex.ru

Tyua, Tynbcknit rocy1apCTBEHHBIN YHIBEPCUTET

Paccvarpusaercs 3amada o0y aenns paciio3HaBaHIIO 00pa30B IpH
CMEIIEHNN PEIAIOIIero IPaBuja, 9TO 03HAYAET HAJINYNE B TeHepaIb-
HOIL COBOKYITHOCTU IIPOIIECCOB, BJINAHNE KOTOPBIX IIPUBO/IUT K USMEHE-
HUIO 3aBUCUMOCTHU MEXK LY CKPBITOI 1 HabJIF0JIaeMOIl XapaK TePUCTUKA~
MU 00beKTOB 00ytueHus. B 3aade oOydueHns ¢ yunuTeaeM eIuHCTBEH-
HBIM UCTOYHUKOM WH(MOPMAIUN O COCTOSHUHN T'€HEPAJIHHON COBOKYII-
HOCTH sIBJISIETCs 00ydaronasi BHIOOPKa, OJHAKO B Caytae «apeiidas
PpelaoIero mpaBuia pedb yke uJIeT He O BRIOOPKE, a 0 TIOTOKEe 00b-
eKkTOB 00yueHusi. Vcnosib30Banne oT60pa MPU3HAKOB B TAKUX 338~
9axX UMeeT KaK MUHUMYM JIBa OYEBU/IHBIX IIPEUMYIIECTBA: BO-IIEPBHIX,
MIO3BOJISIET YMEHBIMUTh 00beM 00pabaThIBAEMBIX JAHHBIX B YCJIOBUSIX
paboOThI C MOTOKOM 00HEKTOB 00y IeHMSI, BO-BTOPBIX, YMEHBIIIAET PUCK
epeodyIeHus.

Wcnonb3oBanne MexaHm3Ma OTOOpa MPU3HAKOB B MeTOjle 0Oyde-
HUsI PACIIO3HABAHUIO 00PA30B IIPU CMEINIEHUU PEIIaloIlero IpaBuia
OCHOBAHO Ha 0aiteCcOBCKOM IIOAXOJe K OIeHKe 3aBucumocTeir. JIms
€ro IpUMEHEHUs BBEJEM B PACCMOTPEHUE AlPUOPHOE PACIIPEIEIEHUE
BEKTOpa [IapaMeTPOB DEIIAIONIEro IPABUIIA, [IPE/Ioaras, 9To yKa-
3aHHOE paclIpejiesieHne OyIeT IPUHA/JIEXKATh KJIACCY SKCIIOHEHIINA b~
HBIX. /{aHHBI METO MO3BOJISIET OCYIIECTBIISITh OTOOD peJIEBaHTHBIX
MIPU3HAKOB HEIIOCPEJICTBEHHO B IpOIecce OOYYeHWs, 4TO IAeT BO3-
MOXKHOCTH €ro IPUMEHEHWs B 3aJa9aX PACIIO3HABAHUS HA IOTOKAX
JaHHbIX [1].

Pabora nmognepxkana rpantom POOU Ne 14-07-00964.

[1] Kpacomxuwna O.B., Typxos II. A., Mommawv B. B. BaitecoBckast joru-

CTHYeCKasi perpeccus B 3ajade o0y JIeHnsl pACIO3HABAHUIO 00pa30B IpH

cMmemennn pemaromero npasuia // Ussectus Tynbekoro roc. ys-ta.
Texunueckne Hayku, 2013. Boim. 2. C. 177-—187.
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Feature selection in the pattern recognition problem
under concept drift
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The paper considers the pattern recognition problem under concept
drift that means there are the processes in the universe which influ-
ence dependence between hidden and observable features of training
instance. In the supervised learning problem, the single information
source about universe state is a training set but in case of concept
drift, we are speaking not about instance set but about instance
stream. If only one instance enters every moment, such learning is in-
cremental. If researcher receives some instances every moment, then
batch learning occurs. Feature selection has two obvious advantages:
first, it allows to decrease the size of processing data, and second, it
decreases the chance of overfitting.

Using of feature selection mechanism in the pattern recognition
problem under concept drift is based on Bayesian approach by the
model estimation. For its application, a priori probability of decision
rule parameters is considered and it is supposed that this probability
belongs to the exponential class. This method allows to realize selec-
tion of relevant features in the learning process directly that makes it
applicable in the pattern recognition problem with data stream [1].

This research is funded by RFBR, grant 14-07-00964.

[1] Krasotkina O., Turkov P., Mottl V. 2013. Bayesian logistic regression in

the pattern recognition problem under concept drift. Izvestiya Tulskogo
gos. un-ta. Tekhnicheskie nauki 2:177-—187.
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2Mocksa, Borauciurensubii nearp PAH

IupokuMm KjaaccoM 3aja4 MAaIIMHHOI'O ODYYEHUsl SIBJISIETCS BOC-
CTAHOBJIEHUE 3aBUCUMOCTH 110 IMIMPUIECKUM JIAHHBIM, CPEIU KOTO-
PBIX HamboJiee TUITMIHON ABJISeTCs 3a1ada Kinaccudukanuu. s 3a-
JaYn KJIaCCU(PUKAITIN OOIMETTPUHATHIM CIIOCOOOM OOYIEHUST STBJISETCS
MeToJ| OOpHBIX BeKTopoB (SVM — support vector machine). Kak
HPaBUJIO, JJIs YIIPOIIEHUsI MOJEIN Tpedyercs InpoBecTd oTOOD IIpHU-
3HAKOB C II€JIbI0 OCTABUTDH TOJIBKO caMble HH(OPMaTUBHBIE. DTOTO 0~
OUBAIOTCS, B YACTHOCTH, IIyTEM BKJIIOYEHUs B 00ydJaronuil Kpurepuii
SVM, Hapsiiy ¢ TpaJuIMOHHBIM KBAJIPATHIHBIM PEryJIsipU3YIOIIAM
JIEHOM, €I1e U MOJYJIBHOTO PEryJIsipU3aTOPa C HEKOTOPBIM JIOTIOJIHU-
TeIbHBIM KO3 durimenTom. st Toro ITobw! mogoopaTh HyKHbIE 3HA-
YEHUsl Telepb y»Ke JBYX CTPYKTYPHBIX [TapaMeTpPOB, OTBEYAOININX 32
COOTBETCTBHE PACCMATPUBAEMON MOJIEIU JAHHBIX IIPEJIITOI0KEHUSIM
HabJTI0IaTe I, OOBITHO UCIIOJIb3YIOT MHOIOKPATHOE TIOBTOPEHUE IIPO-
mecca OOy9IeHMs TMOCPEICTBOM KPOCC-BATUIAINN. UTOOBI M30eKaTh
epebopa, B JAHHOM JIOKJIaJie UPEIJIOKEH MEeTOJ MaTeMaTHYeCKOil
UMUTAIIN KPOCC-BAJIMJIAIINN, UCIOJIb3Ysl €CTECTBEHHBIE JIOIYIIEHMS
0 TIPUPOJIe HEU3BECTHOI'O BEPOSITHOCTHOTO PACIIPEIe/IeHNs, TOPOIUB-
mero oOyJaloNIylo BBIOOPKY. DTOT MOAXOJ, HA3BAH HESBHONH KPOCC-
Basimarnueit. Takum 00pa3zoM, MHOIOKPATHOE IOBTOPEHUE IIPOIECCa
00yJeHNsT 3aMEHSEeTCs BBIYUCIEHNEM €IMHCTBEHHOI'O KPUTEpHUs, 3a-
BUCAIIEI'0 TOJIBKO OT UCXO/HBIX JaHHBIX U ITapaMeTPOB peryJjidpusa-
un [1].

Pabora mogneprkana rpantom PODIU Ne14-07-00661-a.

[1] E. Chernousova, P. Levdik, A. Tatarchuk, V. Mottl, D. Windridge.
Non-enumerative cross validation for the determination of structural
parameters in feature-selective SVMs. 22th Conference (International)
on Pattern Recognition Proceedings, 2014. Stockholm, Sweden.
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The wide class of machine-learning problems is dependency estima-
tion and the particular case is classification. For solution classification
problem, commonly used method is Support Vector Machine (SVM).

Sometimes, for simplification of the model, it is necessary to make fea-

ture selection with an aim to save only the most informative ones, and

the way to reach it is adding modular regularization term with some
coefficient to learning criteria. Thus, learning criteria contains one or

a few structural parameters, which answer for correspondence of the

treated models with observer assumptions. In traditional approaches,

multiple training repetitions would be required to determine the best
values for these structural parameters via cross-validation. To avoid
this, the authors seek for algorithmically emulate the cross-validation
process using conservative assumptions as to the nature of the un-
known probability distribution that produced the training set. This
approach was called nonenumerative cross-validation. Thus, multiple
training repetitions are exchanged with calculating the only criteria,

which depends on only initial data and regularization parameters [1].
This research is funded by RFBR, grant 14-07-00661-a.

[1] Chernousova E., Levdik P., Tatarchuk A., Mottl V., Windridge D.
2014. Non-enumerative cross validation for the determination of struc-
tural parameters in feature-selective SVMs. 22th Conference (Interna-
tional) on Pattern Recognition Proceedings. Stockholm, Sweden.
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ITocraBiena u periena 3ajada OINEHUBAHUsT 3HAYECHUN (DYHKINN
f X — R B 3ajaHHbIXx TOoYKax obsact X 10 pe3yabTaTaM W3-
MepeHUil KOHETHOro Habopa ee (DYHKITMOHAJIOB, BBIITOJHEHHBIX C IO~
rpemHocTh0. OTeHNBaHIEe OCHOBAHO HA MUHUMHU3AINH BO3MOYKHOCTH
norepb. OnucaHa TEOPETHKO-BO3MOXKHOCTHAS MOJIEIb M3MEPEeHHil, B
KOTOPOI CIUTAETCS, ITO OOJIBIIIE 3HAYEHUS TIOIPENTHOCTH U3MEPEHU ST
KaxKJI0r0 (DyHKIIMOHAJIA MEeHee BO3MOXKHBI, deM MaJjblie. JlaH Kpure-
puit OIeHUBaHUS, MUHIMU3UPYIONAI BOZMOKHOCTD IIOTEPD.

OrneHKY MUHIMAJILHOM BO3MOYKHOCTH II0TE€Ph CPABHUBAIOTCSI C MU-
HAMUMAKCHBIMU OIEHKAMU 3HadeHn! (DyHKINU, TOJYIeHHBIMH DU
YCJIOBUU, YTO MOIPEITHOCTh U3MEPEHUs KaXKJOr0 JTUHEHHOrO (yHK-
[MOHAJIA IPUHAJIEXKAT 38IAHHOMY MHTEpBaJLy (T.e. JJis CIydast, KO-
rJIa 3HAYEHUs] ONUOKN U3MepeHuil 00/1aa10T PABHON BO3MOXKHOCTHIO
BHYTDH 3a7[aHHOTO MHTepBasa). O6CyKIAI0TCI PA3ININs MUHIMAKC-
HBIX OIICHOK M OIICHOK MHHUMAJILHON BO3MOXKHOCTHU IOoTepb. [IpuBe-
JIEH TIPUMEp OIEHUBAHUS apaMEeTPOB PEAJIbHOTO CIEKTPOMETPUYE-
CKOro sKcnepumenta [1].

Pabora nognep:xana rpantom PODU Ne14-07-00409.

[1] Yyauwkos A. H., FOanv B. OneHKH, MUHIMU3UPYIONIEE BO3MOXKHOCTH

[0Tepb, 1 MUHUMAKCHBIE OLIEHK: CPaBHUTEJIbHBIN aHau3 // MarmmuHoe

obydenne u anann3 gaHubix, 2014 (B meuarn).
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Estimation of minimum possibility of losses
and minimax estimation: A comparative analysis

Chulichkov Alekseyx achulichkov@gmail.com
Yuan Boyuan yuanboyuan1983@hotmail. com

Moscow, Moscow State University, Faculty of Physics

The problem of estimating the values of function f : X — R in the
points z1,...,xny € X is solved. The estimations are based on the
results of measurements of the finite set of linear functionals made
with an error, and on minimization of the possible losses.

The paper describes the probabilistic measurement model in
which it is believed that large values of measurement error of each lin-
ear functional are less possible than small. The criterion of estimation
is to minimize the possibility of losses.

The estimates of the minimum possible losses are compared with
the estimates of the function values that minimize their maximum
error. Minimax estimates are obtained under the condition that the
measurement error for each linear functional is in the given interval.
In other words, the values of the measurement errors are of equal
possibility into the specified interval. The differences between the
minimax estimations and the estimations of minimum possible losses
are discussed. An example of estimating the parameters of the real
spectrometric experiment is given [1].

This research is funded by RFBR, grant 14-07-00409.

[1] Chulichkov A., Yuan B. 2014 (in press). Estimation of minimum possi-
bility of losses and minimax estimation: A comparative analysis. Ma-
chine Learning and Data Analysis.
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AHcambiib aNropnTMOB KiacTepHOro aHasnmsa
C Becamu

Bepuxose Baadumup Bopucosuy berikov@math.nsc.ru

Hosocubupck, Uucruryr maremaruku um. C. JI. Cobonesa CO PAH

B pabore pemaercst 3a7a1a KJIaCTEPHOIO aHAJII3a, CJIO2KHOCTPYK-
TYPUPOBAHHBIX JAHHBIX C UCIOJIb30BAHUEM KOJLUIEKTHBa (aHcambiis)
Pa3IMIHBIX AJAropuT™MOB. [Ipm 9TOM mIpemmosaraeTcs, ITO KayKIIbIi
AJITOPUTM «CIEIHAIN3UPOBaH> (JlaeT HAMILYy dlllee KAUeCTBO PEIIeHHUs )
HA OIIPEJIeJIEHHOM KJjacce TakuxX CTpyKTyp. CrereHb <«KOMIIETEHT-
HOCTH» AJINOPUTMa OIPEesISeTCsl C IIOMOIIBIO BECOB, OIPeIeIEHHBIX
I KaxKIoi mapbl Habsoaennii. OnruMajbHbIe Beca HAXOISATCS Ha
OCHOBE aHaJn3a HAOJIOIAEMbBIX XapPAKTEPUCTUK PabOTHI aJrOPUTMOB
C HCIIOJIb30BAHUEM IPEIJIOKEHHON MO aHCaMOJIs.

B ominyne or Apyrux CyniecTBYIONIUX IIOJXOMOB IPEJIOKEHHBIH
MeTOJl, Ha3HAYAeT Beca He TOJIbKO aJIl'OPUTMAaM, HO U IapaM pas3/ind-
HBIX OOBEKTOB. DTO JIaeT BO3MOYKHOCTH OIIPEJIE/ISITh KOMIIETEHTHOCTh
AJITOPUTMOB TIPU KJIACCUMDUKAIINNA CTPYKTYP, K KOTOPBIM TPUHAIJIE-
2KaT 9TU napsl. i ompegesiennst ONTHMAIBHBIX BECOB UCIOJIB3YET-
Cd KpUTEpUil, OCHOBAHHBIII Ha HAJICHHOM BBIDAXKCHUU JIJId BEpXHEM
IPAHUIBI BEPOSITHOCTU HEIOCPEJICTBEHHO HEHADJIIONAeMOM omnboy-
HOI KJIaCCU(PUKAIMU. JTa OIINOKA OIEHUBAETCS II0 HAOIIOIAEMBIM
XapaKTEePUCTUKAM AHCAMOJISI.

IlesrecoobpasHocTh MpPUMEHEHUs IPEJIOZKEHHOTO MEeTOa IOJ-
TBEPKIEHA IUCIEHHBIM MOJEIMPOBAHUEM C IIOMOIIBIO MeToa MomTe-
Kapmo. B npoBesieHHBIX 3KCIEpUMEHTaX UCTUHHBIE METKH KJIACCOB
CPABHUBAJINCH C IOJIyYEHHBIM AJITOPUTMOM, UTO JIaeT BO3MOXKHOCTD
OOBEKTHUBHO OIEHUTH KAa9eCTBO PENIEeHUs] B 3aBUCUMOCTHA OT YHCJIA
<IIyMOBBIX» ITI€PEMEHHBIX. MomempoBanme moKa3aao CTATUCTHIECKT
3HAYMMOE YJIydIIeHne KAa9eCTBa KJIACTEPU3AINN JJIs IIPEJIO?KEHHOTO
aJITOPUTMa 10 CPABHEHUIO C AHAJOTUYHBIM AJTOPUTMOM C PABHBIMU
BecaMU. DKCIIEPUMEHTHI [IPOJIEMOHCTPUPOBAIH 3P PEKTUBHOCTD KOJI-
JIEKTUBHOT'O TTOJIXOJIa B KJIACTEPHOM aHAJII3e.

Pabora mognepxana rparrom PODPU Nel14-07-00249 u 6arorso-
purenbHbIM dormoM B. IToranmma.

[1] Berikov V. Weighted ensemble of algorithms for complex data
clustering // Pattern Recogn. Lett, 2014. Vol. 38. P. 99-106.
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Ensemble of clustering algorithms using weights

Berikov Vladimir berikov@math.nsc.ru
Novosbirsk, Sobolev Institute of Mathematics SB RAN

The paper considers a problem of clustering complex data composed
from various structures. A collection of different algorithms is used
for the analysis. The main idea is based on the assumption that each
algorithm is “specialized” (as a rule, gives more accurate partition
results) on particular types of structures. The degree of algorithm’s
“competence” is determined by usage of weights attributed to each
pair of observations. Optimal weights are specified by the analysis
of partial ensemble solutions using the proposed model of clustering
ensemble.

Unlike other existing approaches, the proposed one assigns
weights not only to algorithms, but additionally to the pairs of ob-
jects. This allows one to consider the “competence” of algorithms in
classifying different data structures. For finding optimal weights, the
criterion based on the found expression for upper bound of error prob-
ability in partitioning an object pair into clusters was used. Directly
unobserved error is associated with observable ensemble characteris-
tics.

The applicability of the suggested approach in real clustering tasks
is confirmed by numerical experiments with Monte-Carlo modeling.
In these experiments, the true class labels were available that made
it possible to assess the objective measure of algorithms’ performance
for a given distribution family, in dependence on the number of noise
features. Monte-Carlo simulations have demonstrated significant im-
provement of clustering accuracy for the proposed algorithm in com-
parison with equal weights averaging. The experiments have shown
the benefits of the ensemble approach in cluster analysis [1].

This research is funded by RFBR, grant 14-07-00249 and by
V. Potanin Foundation.

[1] Berikov V. 2014. Weighted ensemble of algorithms for complex data

clustering. Pattern Recogn. Lett. 38:99-106.
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OByxkomnoHeHTHas pyHKUUSA KavecTBa
KJacTepusaumum MHOXXeCTBa 3JIEMEHTOB,
npeacTaBieHHbIX NAPHbIMU CPaBHEHUSIMU

Aeoenro Cepzet Jarunaosun dsd@tsu.tula.ru

Tyna, Tyabckuit rocy1apCTBEHHBIN YHUBEPCUATET

B caydae, Korga oTcyTCTBYyeT MPU3HAKOBOE MPOCTPAHCTBO, MHO-
2KEeCTBO 3JIEMEHTOB IIPEICTABIIEHO TOJBKO PE3YIbTATAMHU WX ITAPHBIX
CpaBHEHMI B BUJE MATPHUIIBI OJm30cTel mam paccrosauit. Jms Kop-
PEKTHON 00PabOTKM TAKUX JIAHHBIX HEOOXOIUMO MOJIUMUINPOBATH
aJITOPUTMBI KJIACTEP-aHAJIN3a U PACIIO3HABAHUS.

Paccmorpenbr BapuaHThI M3BECTHOTO aIropuTMa k-CpeHIX, B KO-
TOPBIX HE TPEOyeTCss BHIYUCIATH COOCTBEHHO CPEIHIE 0 KJIaCTepaM.
B HOBBIX Bepcusix asropurMma k-CpeqHIX BBITOJIHSIIOTCS [I€PECTAHOB-
KM Ha MaTpHIle IapHBIX CPaBHEHMIl Tak, 4TO B CIydae IOMeEIIeHUs
AHAJIM3UPYEMOr0 MHOXKECTBA OObEKTOB B IPU3HAKOBOE ITPOCTPAHCTBO
JOCTUTAETCS TOT K€ CaMBbIi pPe3yJIbTaT KJIaCTEPU3AINH.

Paccmorpena HOBasi IBYXKOMIIOHEHTHAs IiejieBast (DYHKINAS Ka-
9eCcTBa KJIACTEPU3AINN KAK MUHUMHU3UPyeMasd KOMOUWHAIMS BHYTPU-
KJIACTEPHBIX IUCHEepCHil (KBaIpaTOB PACCTOAHUIT) ¢ BJIM30CTHIO KJjla-
CTEPOB MEKTy cO00it min, B JBONCTBEHHON (DOPMYINPOBKE, KAK MaK-
cuMu3upyeMasi KOMOMHAIWS BHYTPHUKJIACTEPHBIX OJIM30CTEN C JmcC-
nepcueil (KBaaparaMu paccrosHuil) Mex Iy Kiacrepamu. [lokasaHo,
9TO KaveCTBO KJIACTEPHU3AINU YJAeTCs YJIYUIATH MO CPaBHEHUIO C
OOBIMHBIM KPUTEpUEM KadecTBa Kiacrepusarmn [1].

Pabora nmognepxkana rpantom POOU Ne13-07-00010.

[1] Aeoenxo C. /. dyxKoMIOHEHTHAs DYHKIW KAIECTBA KIACTEPU3AIIH

MHOKECTBA JIEMEHTOB, TIPEJICTABICHHBIX NMAPHBIMU CPABHEHUAMHU //

«Marmunnoe oby4eHne u aHaJu3 JaHHbIX», 2014 (B meyarn).
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Bipartial objective function for clustering of a set
of elements in terms of pairwise comparisons

Dvoenko Sergey dsd@tsu.tula.ru
Tula, Tula State University

In a featureless case, a set of objects is represented only by results of
pairwise mutual comparisons in the form of a distance or similarity
matrix.

New meanless versions of the well-known k-means algorithm are
proposed where it is not necessary to calculate cluster centers at all.
The k-meanless versions of the k-means algorithm make permutations
on the comparison matrix and give the same result for both featureless
and feature-based cases.

New bipartial objective function combines intracluster distances
with intercluster similarities and needs to be minimized or in the dual
form combines intracluster similarities with intercluster distances and
needs to be maximized. It is shown that the clustering quality can be
improved compared with the usual objective function [1].

This research is funded by RFBR, grant 13-07-00010.

[1] Dvoenko S. 2014 (in press). Bipartial objective function for clustering
of a set of elements in terms of pairwise comparisons. Machine Learning
and Data Analysis.
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OnTumanbHas KoOppekuns MeTpUYecKux HapyLlleHui
B MaTpuuax NapHbIX CpaBHeHUN

eoenro Cepeeti Jarunrosuy sergedv@yandex.ru
INwernuwrodi Jenuc Onezosurx denispshenichny@yandex.ru

Tyua, Tynbckuit rocy1apCTBEHHBIN YHIBEPCUTET

B szamauax wHTE/IEKTyaJbHOrO AaHAJIM3a JKCIEPUMEHTAJBHBIE
JAHHBIE 9ACTO IIPE/ICTABIEHBI PE3y/IbTATAMH APHBIX CPABHEHU 00b-
E€KTOB M€Ky CODOIA.

B orcyrcrBue MCXOAHOrO IPU3HAKOBOIO IIPOCTPAHCTBA YCJIOBU-
€M KOPPEKTHOI'O MOI'PY2KEHUsI MHOXKECTBAa OObEKTOB B METPUUIECKOE
MIPOCTPAHCTBO SIBJISIETCSI HEOTPUIIATEIbHAS OINPEIEJIEHHOCTh MaTPU-
1Bl TAPHBIX CPABHEHUI 3JIEMEHTOB MHOXKECTBA JIPYT C ApyroM. B sTom
caydae 6JIM30CTH HHTEPIPETUPYIOTCH KaK CKaJIsPHbIE IPOU3BEIECHNS,
a COOTBETCTBYIOIIUE PAa3/IMIUs — KaK PACCTOSTHUSI.

B pabore nperaraercst crriocod KOppeKInd HOPMUPOBAHHBIX MAT-
puIL mapHbIX 6/M30CTER ¢ TeM, YTOOBI CKOPPEKTUPOBAHHAS MATPHIIA
ObLIa TTOJIOYKUTEJHHO OIMPEIEeJCHHON U MUHUMAJIHHO OTJIMIAIONIEHCS
OT UCXOIHOIA.

[Ipennaraemsiit METOJT OCHOBAH Ha BBISBJIEHUN OOBEKTOB, BHOCH-
[UX HAPYIIEHUSI B METPUKY, U IOCIEAYIOIMENH KOPPEKIMKA UX TapHBIX
CpPaBHEHWUII C JPYTUMU 3JIEMEHTAMU MHOYXKECTBA, IPUYIEM JAHHBIN 0/
XOJI, TIO3BOJISIET BLIOMPATH HAOOD 3TUX deMeHTOB. [lokazano, 1aro Ta-
Kasl KOPPEKIUs BCErJa CYIIEeCTBYET U MOYKET ObITh ONTUMAJIBHOM.

B ornimyne ot TpauIinoHHOro m0/1X01a, OCHOBAHHOT'O Ha, JUCKPET-
HoM pazisiokennu Kapynena—Jloasa, mpe/yioyKeHHBIN METO/T TI03BOJIsI-
eT KOPPEKTUPOBATh HE BCE, & JINIIb HEKOTOPHIE IJIEMEHTHI MATPHUITHI
napHbIX cpaBaeHuii [1].

Pabora mognep:xana rparrom PODU Ne13-07-00010.

[1] Asoenxo C. 1., IIuernuwnwnd JI. O. OnrnManbHas KOPPEKIHs MeTpUde-
CKUX HapYyIIEeHUl B MaTpUIaX NapHbIX cpaBHeHnii // MammaHoe 06y de-
HUe 1 aHau3 JaHHbIx, 2014. T. 1. Ne7. C. 885-890. http://jmlda.org/
papers/doc/2014/no7/Dvoenko20140ptimal . pdf.
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Optimal correction of metrical violations in matrices
of pairwise comparisons

Dvoenko Sergey sergedv@yandex.ru
Pshenichny Denisx denispshenichny@yandex.ru

Tula, Tula State University

In modern data mining, experimental data are usually represented as

objects’” mutual pairwise comparisons.

The condition of correct immersion of set objects in metrical space
in the absence of the initial feature space is nonnegative definiteness
of matrix of pairwise comparisons between these objects. In this case,
similarities are interpreted as scalar products and dissimilarities as
distances.

This paper suggests a method of correction for normalized matri-
ces of similarities; so, the corrected matrix is positively definite and
minimally deviated from the initial one.

The proposed method detects objects, which contribute violations
in the metrics. Pairwise comparisons of these objects with subset of
other objects are corrected. This approach also allows to choose this
subset of elements. It is proved that such a correction always exists
and can be optimal.

In contrast to traditional approach based on Karhunen—Loeve dis-
crete decomposition, the proposed method is able to correct only few
of matrix elements [1].

This research is funded by RFBR, grant 13-07-00010.

[1] Dvoenko S., Pshenichny D. 2014. Optimal correction of metrical vio-
lations in matrices of pairwise comparisons/ Machine Learning and
Data Analysis. 1(7):885-890. http://jmlda.org/papers/doc/2014/
no7/Dvoenko20140ptimal. pdf.
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Bbibop MeTpukun B 3agavax 4acTUYHOro obyyeHus

Hoguna T'aauna Baadumuposna giofina@mail.ru
Munaee Andpeti Buxmoposur' andrej.minaev@phystech.edu
Honsaxoe Oputi Cepzeesur’ polyakovyury@gmail.com

Maxcumos FOputi Baadumuposus'?« yury.maximov@phystech.edu
"Mocksa, MockoBCKmil (hH3HKO-TEXHHIECKHH HHCTHTYT (MOTN)
2Mocksa, UncruryTt mpobiaem mepemaan nadopmarmu PAH

PaccmarpuBatorcs 3a7a4u MAITUHHOTO 00y Y€HUS C YACTUIHON MH-
dbopmanueit (semisupervised learning). Ilpeamnosaraercst, 9To BXOIOM
381491 SABJIsieTCs IpocTast BhIGOpKa (;, ;)i u3 pacupejenenusi D
na muoxkecrse X X Y, |YV| < oo. Ilpu 910M 3HAYEHUS Ypt1,-- -, Yu
AJITOPUTMY KJIACCU(DPUKAINY HE M3BECTHBL.

Sajaua 9aCTUIHOTO OOYUIEHHsT COCTOUT B TOM, YTOOBI TapaHTHPO-
BaTh BOCCTAHOBJIEHUE KJIACCU(DUKAIMN HA HEU3BECTHBIX AJIOPUTMY
00'BEKTOB U3 TOrO K€ pacIIpejiesieHusl ¢ N30BITOYHBIM PUCKOM € U JI0-
CTOBEPHOCTBIO ¢ MPU HAJUIUN MUHUMAJIBHOTO YUCJIA PA3MEYEHHBIX
n(e,0) 1 HEpa3MEUIEHHBIX (€, ) OOBEKTOB.

B pabore npemraraercs ycuiienue nociaenaux pesynbraros Urner
et al. 06 oleHKe YMCIIa Pa3MEIEHHBIX OOBEKTOB N(€, §), JOCTATOUHBIX
JIJIs pelleHus mocTaBjeHHol 3agaan. Pesyabrater Urner et al. 6a3u-
PYIOTCsI Ha NPUMEHEHWE JBYXITAIIHON CXEeMbl KJIACCH(DUKAINU, TPU
9TOM HA [EPBOM JTAIle UCIOJIb3YeTCH KIACCU(PUKAIMST METOIOM OJIn-
JKAMIUX coceiell, Ha BTOPOM CTPOUTCS KJ1acCH(UKATOD U3 33JAHHOTO
cemeiicTBa. B HacrosmeM 1oKIaie, B YACTHOCTH, ITOKA3aHO, YTO IIPa-
BUJIBHBIH BBIGOD METPUKH B cxeMe OUIzKaiimx cocesieit [1] mosposier
CYIIIECTBEHHO YCUJIATH HAWJIYUIINe U3BECTHBIE aBTOPAM OIEHKH 3TOTO
Tuna Ha n(e, ).

WccnenoBanme BBITOSHEHO TIpU PUHAHCOBOI mojmep:kke PODU
B paMKax HaydHbIX 1poekToB Ne 14-01-00722 a, Ne14-07-31241 mon_a
u Ne14-07-31277 mon_a, a Takzke JlabopaTopun CTpyKTYPHBIX MeTO-
JI0OB aHaAJIM3a JIAHHBIX B IIpejcKa3aTeibHOM MojenupoBanun OYIIM
MO®TU, rpant npasuresbctBa PO mor. 11.G34.31.0073.

[1] Iofina G.V. A study of metrics in finite sets for application in
classification and recognition problems // Pattern Recognition and
Image Analysis, 2010. Iss. 4. P. 438-446. http://link.springer.com/
article/10.1134/51054661810040036.
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A Study of Metrics for Semisupervised Learning
Problems

Iofina Galina' giofina@mail.ru
Minaev Andrey' andrej.minaev@phystech.edu
Polyakov Yury' polyakovyury@gmail . com
Mazximov Yury'?x yury.maximov@phystech.edu

"Moscow, Moscow Institute of Physics and Technology (MIPT)
2Moscow, Institute for Information Transmission Problems RAS

The reported study is dealing with semisupervised learning problems.
It is supposed that the problem’s input is a sample (z;,y;)¥; drawn
i.i.d. (independent and identically distributed) from a fixed but un-
known distribution D over X x Y, || < oo. Assume that algorithm
does not have an access to the values y,41,...,Yu.

The problem is to guarantee the excess risk bounds at level € with
confidence ¢ using as least as possible number of labeled n(e,d) and
unlabeled u(e, §) objects.

In the report, a slight modification of the two-stage scheme pro-
posed in recent works by R. Urner et al., where on the first stage
the nearest neighbor classification was used to increase the size of la-
beled data, is suggested. Namely, it is proofed that using some ideas
from [1], it is possible to improve the quality of this step and decrease
the estimates on the number of the needed labeled examples n(e,d).

The reported study was partially supported by RFBR, research
projects 14-01-00722 a, 14-07-31241 mol.a, and 14-07-31277 mol_a
and by Laboratory for Structural Methods of Data Analysis in Pre-
dictive Modeling, MIPT, RF government grant, ag. 11.G34.31.0073.
[1] Iofina G.V. 2010. A study of metrics in finite sets for application

in classification and recognition problems. Pattern Recognition and

Image Analysis 4:438-446. http://link.springer.com/article/10.

1134/S1054661810040036.
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O KOMDOMHaATOPHbIX OLEHKaX MaKCUMabHbIX
£-pa3bneHnii MeTprnyeckmnx KoHcpurypauymii

ITywnarxoe Aaexceli Cepeeesun aleksey.pushnyakov@phystech.edu

Honronpynabtii, MOCKOBCKUIT (DUBNKO-TEXHUIECKN UHCTUTYT

IMycTh JaHo Merpudeckoe IpocTpancTBo (X, p) ¢ KOHEUHBIM YUC-
JioM ToYek. [los e-KacTepoM MOHMMAETCS MHOXKECTBO JTUAMETPA HE
6osee £. Eciiu B METPUYIECKOM TTPOCTPAHCTBE €CTh JOCmamoyHo 60ab-
wot e-KJIACTEDP, TO PACCTOSHUN, OOJBINUX £, Ma.a0. PaccmarpuBaercs
obpaTHas 3a/1a4a: IyCTh U3BECTHO, UTO PACCTOSIHUI, OOJIBIINX €, M-
A0 B CJIEYIONIEM CMBICJIE

ol X1

. (1)

[{(z,9): plz,y) > e}| <

Tpebyercss onpeaeuTh, i KAaKAX € MOKHO TapaHTHPOBaTh Cy-
mecrBoBanne &' -kinacrepa MorHocT (1 + 0(1))|X| npu § — 0.

OxkasbIBaeTCs, 9TO B 00IIEM ciaydae IpH & < 2¢ CyIIecTBYIOT MET-
PUKH, JUJIs KOTOPBIX BbIIOJHEHO (1), HO MakKCHMaJbHAs MOIIHOCTH
¢’-knacrepa He TpeBocxXOMUT X | miIst JIE06OTO HAmepes 3aJaHHOTO
a > 0. B cayqae €/ > 2e nonydena HeysydiaeMas HUXKHsS OLNEHKA
Ha MOITHOCTh MaKCHMAJLHOIO £'-K/JIacTepa, aCHMITOTHYIECKH PaBHAST
(I1-=6/24+0(1))|X].

B HEKOTOPBLIX YaCTHBIX CJIydasx 3HaYeHne & MoxKeT OLITh yMeHb-
meno. Tak, B ciydae eBKINIOBOII MeTpHKH st & > +/2¢ momy-
YeHa OIEHKA Ha MOIIHOCTh MAKCHMAJBHOIO Kiacrepa supa (1 —
—2V8)|X] [1].

[1] Hywmnarxos A. C. O KOMOMHATOPHBIX OIEHKAX MAKCHMAJILHBIX £-pas3-
Guennii Mmerpuyueckux Koudurypanuit // MammurHoe oby4yenue u aHa-
san3 gaHubx, 2014. T. 1. Ne7. C. 123-132. http://jmlda.org/papers/
doc/2014/no7/Pushnyakov2014MetricPartition. pdf.
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On combinatorial bounds for maximal e-partitions
of a finite metric space

Pushnyakov Alexey aleksey.pushnyakov@phystech.edu
Dolgoprudny, Moscow Institute of Physics and Technology

A finite metric space (X, p) is studied. By e-cluster, a subset of X
with diameter at most ¢ is meant. If a large e-cluster exists, there are
few distances more than €. Let the number of distances more than ¢
satisfy the following inequality:

() o) > =) < 2E 0

It is necessary to determine a new ¢’ such that there always is an
¢’-cluster with cardinality (1 + o(1))|X|, § — 0.

In case where ¢/ < 2¢ for all a > 0, there is a finite metric space
satisfying (1) that does not contain &’-cluster with cardinality more
than «|X|. In case where ¢’ > 2¢, the best possible lower bound for
¢’-cluster cardinality that asymptotically equals (1 —§/2 4 o(1)) | X|
is obtained.

In some particular cases, the value of & can be decreased. For
instance, in case of Euclidean metric for ¢ > \/56, obtained lower
bound equals (1 — 2v/8)|X| [1].

[1] Pushnyakov A. 2014. On combinatorial bounds for maximal e-
partitions of a finite metric space. Machine learning and data
analysis  1(7):123-132. http://jmlda.org/papers/doc/2014/no7/
Pushnyakov2014MetricPartition.pdf.
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O pensymoHHbIX hakTOpU3aumsax NOJyMeTPU4ecKoro
KOHyca

Pydaxose Koncmanmun Baadumuposun'? rudakov@ccas.ru

'Mocksa, MOTHU
2Mocxksa, BIT PAH

Teopermdeckre TOCTPOEHUS OCHOBBIBAIOTCS HA HCIIOJIB30BAHUM,
IIPEeZK/JIe BCETO, IPEJCTABIEHN O KOHEUYHBIX METPUKAX KaK O TOYKaX
MOJIyMEeTPUYIECKOTO KOHyca. [Ipum 3TOM OKa3bIBaeTcsl CyIeCTBEHHOI
OlIEHKA «BJIM30CTH» 10 TEHTPAJIBLHOI ocu 3Toro Konyca (nenndopma-
TUBHBIE IIPOCTPAHCTBA M30JMPOBAHHBIX TO4eK). Oumcanus MeTPHK
JINHEWHBIMA TOPSIKAMU Ha [apaX O0BbEKTOB JOMOTHSIIOTCS MOPSIIKA-
MU Ha TPOIKaX 00bEKTOB, UTO II03BOJISET CYIIECTBEHHO OO0JIee IIOJIHO
UCII0JIB30BaTh UCXOIHYIO peasibHyto nHpopmalnto. OTMeTHM, 9TO UC-
[0JIb30BaHue G0JIee CJIOKHBIX OTHOMIEHUH (HENOPSIIKOBBIX OMHAPHBIX
WJIM OTHOIIEeHU# 60J1ee BHICOKO apHOCTH ) PACCMATPUBAETCS KaK OJIHO
73 BO3MOXKHBIX HAIIPABJIEHUN PA3BUTHUS MTOIXOIIA.

B posin byHKIMOHAIOB OIIEHKN <«KA4eCTBa» KOHEUHBIX METpHUtUe-
CKUX KOH(MUI'YPAIUil HCIIOIB3YIOTCS IaPAMETPbI, CBA3aHHBIE C «HAPY-
MIEHUSIMA aKCUOMBI TPEYTOJBHUKA» B TOM CMBICJIE, UTO PACCTOSHUE
MeXKy JBYyMsi OOBbEKTaMU OKA3bIBAETCsl CTPOrO OOJIbINE, UeM CyM-
Ma PACCTOSHUI OT HEKOTOPOro (IPYyroro) o0bEKTa MO JIBYX KAKHUX-
60 00beKTOB. BaxXHO, ITO MMEHHO 9Ta CUTyallds HE BCTPEIAETCS
B OKPECTHOCTHU IIEHTPAJIbHON HEMHMOPMATHBHONI OCH IIOJyMeTpUYe-
ckoro Konyca. B [1] npusoauTcst onucanne «MakcuMaabHO nHbOpMa-
TUBHBIX» C JAHHON TOYKU 3peHNs KOH(PUTYPAIIUA 1 PACCMATPUBAIOT-
CsI COOTBETCTBYIOIIUE METOJbI KOPPEKINY METPUK.

PaccmarpuBaercs Takike KOMILIEKC MOJEJEN aJITOPUTMOB PACIIO-
3HABAHUS, OCHOBAHHBIX HA BBIYUCJIEHUHU OIEHOK, B KOTOPBIX HCIIOJIb-
3YIOTCS TIOPSIKOBbIE (PaKTOPU3AINUA UCXOTHBIX MeTpuk. [Ijad aToro
cJIydast OJIy9YeHbl KOHCTPYKTUBHBIE KPUTEPUU PA3PEIIUMOCTH U Pe-
TYJIIPHOCTH 33J1a9 M yCJIOBUs IIOJTHOTHI Mojesieii ajsroputmos Jlesa,
2Kypasnésa u Pynakosa.

[1] Pydaxos K. B. O npuMeHeHHM YHMBEPCAJBHBIX OMDAHUYEHUIA IIPU UC-

CJIeJOBAHUM aJIropuTMoB Kiaccudukanun // Kubepuernka, 1988. Nel.
C.1-5.
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On relational factorizations of semimetric cone

Rudakov Konstantin'> rudakov@ccas.ru

'Moscow, MIPT
2Moscow, CCAS

Theoretical development relies primarily on representation of fi-
nite metrics as points of semimetric cone. In this case, estimating
of the “closeness” to the central axis of the cone (noninformative
spaces of isolated points) becomes significant. Metric descriptions
with linear orders on the pairs of objects is supplemented with orders
on the triples of objects. It allows to use initial real information in
a considerably more complete manner. Note that using more com-
plicated relashionships such as nonorder binary relationships or rela-
tionships of higher arity is considered as possible area of the approach
development.

The parameters used to assess the “quality” of finite metric con-
figurations are related to the “violation of triangle axiom.” It means
that the distance between two objects is strictly greater than the sum
of the distances from some (other) object to any two objects. It is
important that it is not hold in the neighborhood of central noninfor-
mative axis of semimetric cone. The paper [1] describes configurations
with “maximum information” from this point of view and considers
the corresponding methods of metric correction.

Then, a system of models of recognition algorithms is consid-
ered. The recognition algorithms are based on estimates using order
factorization of initial metrics. For this case, a constructive criteria
for the problem solvability and regularity and completeness condi-
tions of models of the algorithms of Deza, Zhuravlev, and Rudakov
are obtained.

[1] Rudakov K. 1988. On application of generic constraints for classifica-

tion algorithms research. Kibernetika 1:1-5.
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O kpuTepusx BeTBNEHUSA, NCMONb3YyEeMbIX
Npu CUHTE3e pelLualoLX AepeBbes

TI'enpuxrose Hzopv Fezenvesun ingvar1485@rambler.ru

Mocksa, «Peiic U'T»

JepeBbs perennii ABISIOTCS N3BECTHBIM HHCTPYMEHTOM, HCIIOJIhb-
3yeMbIM IIPU PeIIeHUN 33/a4u pacrnosnasanus. IIporenypa mocrpo-
€HUsl KJIACCUYECKOI0 JiepeBa PeIIeHuil IIpeJcTaBjiser coboi urepalu-
OHHBI TIporecc. Kak mpaBuiio, Jijist IOCTPOEHUsT BHY TPEHHEI BepIiu-
HBI JIepeBa Ha KaXKOM Iare BbIOMPAeTCs MPU3HAK, HAMJLY 9IIuM 00pa-
30M YJIOBJIETBOPSIONIAN HEKOTOPOMY KpuTepuio BersieHus. [lo 3ma-
YeHUsIM TOr0 IPU3HAKA U OCYIIECTBIISETCS BETBIIEHUE, Tajlee yKa3aH-
Hasl [IPOIIELypa IIOBTOPSIETCs JJIsl KAk 0 13 BeTBeil. B 3aBucumocTu
OT BHIOPDAHHOI'O MPU3HAKA JIEPEBbs MOI'YT CYIIECTBEHHO OTJIMYATHCS
KaK [0 CTPYKTYPE, TaK U [0 PACIO3HAIONINM KAaJeCTBAM.

B mammoit pabote mnpe yto2keH HOBBIN KPUTEPU BETBICHUS — KPH-
TepUil MAKCUMU3AIIUY JI0JI1 OO'bEKTOB Pas3jMiHbIX Kiaccos (Maximum
Differences of Classes, MDC). Ha MOe/IbHBIX JJAHHBIX IIPOAHAJIA3H-
poBanbl ocobenHoctu kpurepuss MDC B cpaBHEHHUU C TaKUMHU W3-
BecTHBIMU KpuTepusimu, Kak: Gain, GainRatio, Gini Index, Twoing
¥ KpUTEpUii paBHOMEPHOro pasdumenns. Ha G0IbIIIOM dncse IpuKIa/i-
HBIX 33/1a9 [IPOBEJICHO UCCJIEI0BAHNE CTPYKTYPHBIX U PACIO3HAIONINX
CBOJICTB PEIIAIOIIErO0 /IEPEBA B 3aBUCUMOCTH OT IIPUMEHSIEMOr0 KPUTe-
pusi BeTBJIeHUs: TJIyOUHA JiepeBa, CPeJiHssl TJIyOMHAa JINCThEB JiepeBa,
«COATAHCUPOBAHHOCTLY JiepeBa (pasHuIa MeXKIy IJIyOUHOH u cpel-
Hell TUIyOMHOMN JIMCTHEB JIepeBa), B3BEIEHHAs TJIyOUHA pacIpejesie-
HUS ONMCAHWI ODYJAIONX OOBEKTOB IO JINCTHSM JI€EPEBA, <«OITHU-
MaJIbHOCTb» DaCHpee/IeHnsl 00y4IaomnX 00bEeKTOB M0 JINCThAM Jie-
peBa (aBCOMIIOTHAST PA3HUIA MEXKIy CPeJHell TiyOHHOI JUCTheB Jie-
peBa U B3BeIIeHHO TJyOUHOIT paciipeieieHust OIUCAHNN 00y JarOInx
00BEKTOB 110 JIMCTHSAM JIEPEBA), KAYECTBO JiepeBa (€ MOMOIILIO METO-
na “leave-one-out” n aHa/sm3a pacIpenesieHnsi OTCTYIIOB O0YJAIOIINX
00'bEKTOB), YHUCJIO JHUCTHEB JepPeBa.

Pabora nmognepxkana rpantom POOU Ne13-01-00787.

[1] Ienpuzos H. E. O Kpurepusix BETBJIEHUs, UCIOJIb3YEMbIX DU CHHTE-
3e pemarommx JepesbeB // Mamuanoe o0y4yeHne u aHAIU3 TAHHBIX,
2014. T. 1. Ne8. C. 988-1017. http://jmlda.org/papers/doc/2014/
no8/Genrikhov2014Criteria.pdf.
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About splitting criteria used for synthesis of decision
trees

Genrikhov Igor ingvar1485@rambler.ru
Moscow, Race IT

Decision trees are a well known tool used for solution of a recogni-
tion problem. The procedure for constructing a classical decision tree
is an iterative process. As a rule, to construct an internal tree vertex
at every step, a feature best satisfying a certain splitting criterion is
chosen. The values of this feature are used to construct the branches
of the tree and the procedure is then repeated for each branch. De-
pending on the feature chosen, the resulting trees can differ widely
in the structure and in recognizing qualities.

In this paper, a new of splitting criterion is proposed — criterion
of maximization share objects of different classes (Maximum Differ-
ences of Classes, MDC). On the model data, particular qualities of
criterion MDC are analyzed in comparison with such famous crite-
ria as Gain, GainRatio, Gini Index, Twoing, and criteria of uniform
partition. On a large number of real-world tasks, the structural and
recognizable properties of a decision tree are investigated depending
on the criteria splitting: depth of tree, average depth of tree leaves,
“balance” of tree (differences between depth and average depth of tree
leaves), weighted depth of the descriptions distribution of training ob-
jects on the leaves of tree, “optimal” distribution of training objects
on tree leaves (absolute difference between an average depth of tree
leaves and a weighted depth of the descriptions distribution of train-
ing objects on the leaves of tree), quality of tree (with method “leave-
one-out” and analysis margins distribution of training objects), and
number of tree leaves [1].

This research is funded by RFBR, grant 13-01-00787.

[1] Genrikhov I. 2014. About splitting criteria used for synthesis of decision
trees. Machine Learning and Data Analysis. 1(8):988-1017. http://
jmlda.org/papers/doc/2014/no8/Genrikhov2014Criteria.pdf.
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AddekTuBHbLIN NapansenbHbiii anropnuTm
Ayanusauuu

Toxosa Eaena Bcesonodosna' edjukova@mail.ru
Huxugpopos Andpeti Tennadvesun’ ankifor@gmail.com
Ipoxodoes IIémp Aanexcandposur’ p_prok@mail.ru

"Mocksa, BII PAH
2Mocksa, BMuK MT'V

OpHOll M3 TEHTPAJBHBIX 33729 JUCKPETHOW MAaTEMAaTHUKU sIBJIs-
eTCsl AyaJn3ais — HOCTPOEHIE BCeX HEIPUBOINMBIX IIOKPBITHAN OY-
JieBoit MmaTpuiibl. Habop cTosbios OyieBoit maTpuribl L. HA3BIBAETCS
MIOKPBITHEM, €CJIM B IOJMATPUIlE MaTPUIlbl L, 00pa30BAHHON STUM
HabOPOM, HET CTPOKH, COCTOsIINEe u3 oaHuX HyJeil. [TokpbiTne Ha3bI-
BAETCS HEIPUBOJIUMBIM, €CJIM HUKAKOE €ro COOCTBEHHOE ITO/IMHOXKE-
CTBO HE HABJISETCH MOKpbITHEM. KaK MpaBmio, 9ucji0 HEITPUBOIUMBIX
MMOKPBITUN PACTET IKCIOHEHIINAJIHHO C POCTOM Pa3MePOB MAaTPHUIIHI,
[IO3TOMY aKTyaJbHBIM SBJISETCA HCIIOJIb30BAHUE APAJIJIEIbHBIX BbI-
YUCJICHU.

XOPpOIIyo MPaKTUIECKYI TPUMEHUMOCTD [TOKA3BIBAIOT aCUMIITO-
TUYECKH ONTHUMAJIbHBIE AJTOPUTMBI IyAJIU3AINH, KOTOPBIE WMEIOT
Teoperndeckoe obocHoBanue 3hHEKTUBHOCTU B THIIMYHOM cJry4dae (on
average). CyIlecrByIOT IPOCTbIe M JOCTATOYHO OYEBUIHBIE CXEMbI
pacuapaJuie/IiBaHusl 9TUX aJrOPUTMOB, IJIABHBIM HEJIOCTATKOM KO-
TOPBIX SIBJISIETCsI HEPABHOMEPHAs 3arpy3Ka mnporeccopos. B [1] mpes-
JlaraeTcsl MIPUHIAIAAIBHO HOBas CXeMa PACIapaJLIeINBAHUS aCUMII-
TOTHYECKH ONTUMAJIBHBIX AJIOPUTMOB Jyaiu3anuu (B-cxema).

IIycte P;(L) — MHOXKECTBO HENPHBOIMMBIX ITOKPBITHI MaTpu-
bl L, 7151 KOTOPBIX j — HAUMEHBINUH HOMep cToJIONa. B-cxemMa 0OCHO-
BaHa Ha CTATHCTHYECKOM aHaimse MHoxKecTB Pj(L). IToka3biBaercd,
qr0 B-cxeMa OCyIIeCTB/ISIET PABHOMEPHYIO 3arpy3Ky IPOIECCOPOB U
obecrieanBaeT yCKOpeHnne, 6JIn3Koe K MAaKCHMAJIbHO BO3MOXKHOMY.

Pabora yactuano nogaepxena rpanramu POOU Ne13-01-00787-a
u Ne14-07-00819-a u rpantom npesugenta PO HITI-4908.2014.1.

[1] Arwwxosa E.B., Huxugopos A.I., Ilpoxopwves II.A. Crarucru-
qeckn 3(pPeKTUBHAS CXeMa pacClapa/UIe/IMBaHus AJTOPUTMOB JIy-
ammsanuu  // Mamuanoe o0ydenue u aHagu3 gaHHbX, 2014.
T. 1. Ne7. C. 843-853. http://jmlda.org/papers/doc/2014/no7/
Nikiforov2014Statistically.pdf.
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Efficient parallel dualization algorithm

Djukova Elena edjukova@mail .ru
Nikiforov Andrey*x ankifor@gmail.com
Prokofjev Petr p-prok@mail.ru

'Moscow, CC RAS
2Moscow, CMC MSU

Dualization is a fundamental problem in discrete mathematics. It is
equivalent to irreducible coverings enumeration of a boolean matrix.
A set of columns of boolean matrix L is called a covering if each
row of L has at least one unit element in these columns. A covering
is called irreducible if it includes no other coverings. As a rule, the
number of irreducible coverings is exponential in the input matrix
size. Therefore, it is essential to use parallel computing.
Asymptotically optimal dualization algorithms have shown a high
level of feasability. The efficiency on average of these algorithms is
proven theoretically. There exist simple and obvious parallel schemes
for these algorithms. However, such schemes do not provide a bal-

anced load of processing units. A new efficient scheme, called 8-

scheme, is suggested in [1].

Let P;(L) be a set of irreducible coverings of matrix L, for which

J is the smallest number of column. B-scheme is based on statistical

analysis of sets P;(L). This scheme is shown to load processors in a

balanced way and to provide a close to maximum speedup.

This research is funded by RFBR, grants 13-01-00787-a and 14-

07-00819-a.

[1] Dyukova E., Nikiforov A., Prokofiev P. 2014. Statistically efficient
parallel scheme for dualization algorithms. Machine Learning and
Data Analysis. 1(7):843-853. http://jmlda.org/papers/doc/2014/
no7/Nikiforov2014Statistically.pdf.
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HoBble acnmnToTNYeckn onTumMarsbHble aropnTmMmbl

Ayanunsauuu
loxosea Eaena Bcesoaodosrax edjukova@mail.ru
ITpoxogves Ilemp Anexcardposur p_prok@mail.ru

Mocksa, BII PAH

IIpescraBiieHbl pe3ysibTaThl IO YCOBEPIIEHCTBOBAHUIO U SKCIIEPU-
MEHTAJbHOMY OOOCHOBAHHUIO ACHUMIITOTUIECKH OMTUMAJIBHOTO ITO/IXO-
18 K PEIIEeHUIO JUCKPETHBIX IePeIUCIUTeIbHbIX 3a0a49. [loaxom nare-
JIEH Ha IIOCTPOEHUE AJITOPUTMOB, 3P DEKTUBHBIX B TUIIMYHOM CJIyYae.
O1HOIT U3 IEHTPAJIBHBIX IEPEIUCIUTEIbHBIX 33184 SIBJISIETCSI JLyaJId-
3amys — MOCTPOEHWe BCEX HEIPUBOJIMMBIX MOKPBITHN OyJeBoil MaT-
punbl. Habop cronbuos H OyseBoit marpuiisl L Ha3bIBA€TCS HEIIPUBO-
JIMBIM TTOKDBITHEM, eCJIH BBITosHeHbl yeaosus: (1) momvarpuma L7
MaTpuiisl L, obpa3oBannas croabdiaMu Habopa H , He COepKuT CTpO-
ky suga (0,0,...,0); (2) LY comepwxur xaxmyro us crpox Bmia
(1,0,0,...,0,0),(0,1,0,...,0,0),...,(0,0,0,...,0,1). Habop croat-
1oB H | yJioBaeTBOpAIomuii ycaoBuio (2), HA3bIBAETCS COBMECTIUMbBLM.
Acumnrorndecku onTUMabHBIE AJTOPUTMBI JIyAJIH3AIAN OCHOBAHDI
Ha IePEeYNCIEHNN C TOJUHOMUAIHHON 3a/IePKKON «MaKCUMAJIbHBIX»
COBMECTUMBIX HADOPOB CTOJIOIOB OyJsieBoit MaTpuIlbl. MHOKECTBO pe-
[IEHUT IOIIOJIHSIETCsI, €CJIN JIJIsI HAllJIEHHOTO Ha TEKYIIEM Iare Habopa
CTOJIGLOB BBIIIOJHEHO yesoBue (1) v Ha IPeAbIIyIUX Iarax 3ToT Ha-
60op He cTpomicda. B mpoTuBHOM ciiydae Imar ajJropurMa CIUTAeTCs
JIAMHAMY». JPEPEKTUBHOCTD aAJTOPUTMa OOOCHOBBIBAETCS TEM, UTO
9HCJIO €r0 JIUIITHUX IaroB JJjIs HOYTH BCeX OYJIEBBIX MATPHIL JAHHOTO
pa3mepa umeetr OoJiee HU3KUI TOPSIIOK POCTA IO CPABHEHUIO C YUCJIOM
BCEX HENPUBOMMbBIX TOKPBITHII MATPHUIIBI C POCTOM €€ pa3Mepa.

B [1] mocrpoenbl acUMITOTHYECKH OITHMAJIBHBIE AJrOPUTMbL J1y-
asmsarmu RUNC, RUNC-M u PUNC. ITokazamo, 4To mpejaraemble
AJITOPUTMBI TPEOYIOT MEHBIINX BPEMEHHEIX 3aTPAT 10 CPABHEHUIO C
ACUMIITOTUYECKH OINTUMAJbHBIMY AJTOPUTMAMHE, TIOCTPOEHHBIME Pa-
Hee B OTEUECTBEHHBIX U 3aPYOEXKHBIX IIyOIUKAIUSIX.

Pabora gactuano noggepzkana rpantamMmu PO Ne13-01-00787-a
u Ne14-07-00819-a.

[1] Zhoxosa E. B., Ipokopoves II. A. TlocTpoeHne u UCCIIEA0BAHME HOBBIX
ACUMIITOTUYICCKHU OIITUMAJIbHBIX aJI'OPUTMOB JIyaJJu3allin // Maun-
HOe obyuenue u ana 3 maHubIX, 2014. T. 1. Ne8. C. 1048-1067. http://
jmlda.org/papers/doc/2014/no8/Prokof jev2014Construction.pdf.
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New asymptotically optimal algorithms for dualization

Djukova Elena * edjukova@mail .ru
Prokofjev Petr p-prok@mail.ru

Moskow, Dorodnicyn Computing Centre of RAS

An improvement and experimental justification of the asymptotically

optimal approach to discrete enumeration problems are presented in

[1]. The approach is aimed at effective on average algorithms con-

struction.

Dualization is considered as a fundamental enumeration prob-
lem. It is equivalent to irreducible coverings enumeration of a given
boolean matrix. A column set H of a boolean matrix L is called an
irreducible covering if (1) submatrix L formed by columns from H
contains no zero-filled rows; and (2) L contains each row from
the list: (1,0,0,...,0,0),(0,1,0,...,0,0),...,(0,0,0,...,0,1). Col-
umn set H satisfying the condition 2) is called compatible.

Asymptotically optimal dualization algorithms enumerate with
polynomial delay the “maximal” compatible column sets. Such al-
gorithms construct a column set at each step. The solutions set is
updated if the column set satisfies condition (1) and has not been
found at previous steps. Otherwise, this step is considered “extra”.
The proportion of “extra” steps tends to zero for almost all boolean
matrices of a given size as matrix size increases.

Asymptotically optimal dualization algorithms RUNC, RUNC-
M and PUNC are suggested in [1]. These algorithms are shown to
outperform the prior asymptotically optimal ones.

This study was financially supported by the Russian Foundation
for Basic Research (projects 13-01-00787-a and 14-07-00819-a).

[1] Djukova E. V., Prokofjev P. A. 2014. Construction and investigation of
new asymptotically optimal algorithms for dualization. Machine Learn-
ing and Data Analysis. 1(8):1048-1067. http://jmlda.org/papers/
doc/2014/n08/Prokof jev2014Construction. pdf.
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MeTtoabl nHTennekTyanbHom obpaboTkun
Ka4eCTBEHHbIX OadHHbIX

IToxposckas Upura Bsawecnasosrax ivp750@mail .ru
Toavdoeckasn Mapuna Imumpuesra mdgold54@mail . ru
Aopogerox IOausn Aaexcardposha dorofeyuk_julia@mail.ru
Kucenésa Heanu EsceesHa nellkis@mail.ru

Mocksa, UITY PAH

WccnenoBanbl 3a/1a9n WHTEIEKTYaTbHON 00PAOOTKN KadeCTBEH-
HBIX JIAHHBIX. PaccMOTpPEHO JiBa MpuMepa MOCTAHOBOK 3aJad U aJiro-
pUTMOB 0OpabOTKM KaUeCTBEHHBIX IAHHBIX, IIPEJICTABIEHHBIX B BU-
Jie MPU3HAKOB JIOJIEBOTO THUIA W SMIUPUYECKHX TI'padoB OOIBIION
pasmeprocTu. Paszpaborana Merogmka WHTEIEKTYAJbHON 0O0paboT-
KM TIPU3HAKOB JIOJIEBOI'O THUIIA, IIPOBEJIEHO TECTHPOBAHUE HA peajb-
HBIX JIAaHHBIX. Vccie10BaHbl BOSMOXKHOCTYA TOYHOI'O U ITPHUOJINKEHHO-
1o npejicTaBjieHus rpada 6oJIbIION pa3MEPHOCTH YEPE3 €0 OIIUCAHUE.
Ha sagauy arperupoBanusi ObLI PACIPOCTPAHEH ONTHUMU3AIIMOHHBINA
MIO/IXOJT K TIOCTPOEHUIO PA3MBITON Kiraccudukanuu. B pamMkax cTpyk-
TYPHO-KJIACCUMDUKAITNOHHON METOIO0JIOTUN UHTEJUIEKTYAJIHHOIO aHa-
JI3a CJIO?KHO OPraHM30BAHHBIX JTAHHBIX Pa3paboTaHbl OPUTUHATIbHBIE
AJTOPUTMBI PeIeHusT 33J1a9u 00pabOTKN WHPOPMAIIUUA C TTOMOIIHIO
arperuposatus rpados 6osbimoit pasmeprocru [1].

Pabora mommepxkana rpantamu PODU Ne 14-07-00463-a, Ne 13-07-
00992-a u Ne12-07-00540-a.

[1] Hoxposckan U. B., Toavdosckan M. ., Jopogerx I0. A., Kucené-
ea H. E. Mertonpl MHTE/IEKTYaJbHON 0OpaOOTKM KAaveCTBEHHBIX JIaH-

Heix // MamunHoe o0ydeHre U aHAJIN3 JAHHBIX (B [eYaTH).
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Intellectual processing methods of qualitative data
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Dorofeyuk Yulia dorofeyuk_julia@mail.ru
Kiseleva Nell: nellkis@mail.ru

Moscow, ICS RAS

Intellectual processing of qualitative data problem was investigated.
Two examples of the states of the problems and algorithms for quali-
tative data processing, presented in the form of the equity-type char-
acteristics and large-dimension empirical graphs were considered. The
methodology of data mining (group) characteristics of equity-type
(equivalent blurred classifications) was developed, this method was
tested on real data. The possibilities of the exact and approximate
representation of the large-dimension graph through its description
were studied. The optimization approach to the construction of the
fuzzy classification was distributed to the problem of aggregation.
In the framework of the structural-classification mining methodology
of complex data, the original information processing algorithms by
large-dimension graphs aggregation methods were developed.

This research is funded by RFBR, grants 14-07-00463, 13-07-
00992, and 12-07-00540.
[1] Pokrovskaya I.V., Goldovskaya M. D., Dorofeyuk J. A., Kiseleva N. E.

2014 (in press). Intellectual processing methods of qualitative data.

Machine Learning and Data Analysis.
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NHBapunaHTbl pa3meveHHbix rpadoB
B KOMOWHaTOPHOW Teopun pa3peLunmocTu

Topwun Hean FOpvesur'« tiy135@yahoo.com

2 rudakov@ccas.ru

Pydaxose Koncmarnmun Baadumuposun®
'"Mocksa, MOTU

2Mocxksa, BIT PAH

Kombunaroprast Teopust pa3permMOCTH, TPEICTABISIONAs COOO0it
pa3BUTHE AJIredPANYIECKOro IOJAX0Na K 3aadaM PaCIO3HABAHUS, SB-
JISIETCSI COBPEMEHHBIM WHCTPYMEHTOM JIJIsi MCCJIEIOBAHUS TTPU3HAKO-
BBIX OITACaHMit 00beKTOB. B oKmae Oyaer npepcrasieH (hopMaIn3M,
[TO3BOJIAIONIAN TPUMEHSTh KOMOMHATOPHYIO TEOPUIO PA3PEITUMOCTH
K TEOPEeTUKO-TPAdOBBIM ITOCTPOEHNsIM. BBeIeHbI 0cOoObIe BUIBI Pas3-
MeTOK — X-Tieru (Ier pasMedeHHbIX BEPIINH) U X-y3Jbl (Toarpa-
dbur oKpecTHOCTEH pasMedeHHBIX BepiuH). I[0Ka3zaHo, 9TO OTHOIIe-
HUST BXOXKJIEHUsT X-TIeeil U Y-y3JI0B B pa3MedeHHbIN rpad sBJISIOT-
csl MTHBAPUAHTAMMU; TIOJIyIeHbl KPUTEPUU TOJTHOTHI COOTBETCTBYIOITUX
WHBAPUAHTOB. B paMKax KOMOMHATOPHON! TEOPUN PA3PEITIMOCTH Pa3-
MeUeHHbIe TPadbl PACCMATPUBAIOTCA KaK O0BEKTHI, a UX MHBaPHUAH-
ThI — KaK MPU3HAKOBbIE ONMUcaHus 00beKTOB. Ilomytennr kpurepun
JIOKAQJIBHOH MOJIHOTBI UCCJIEAYeMbIX HAOOPOB MHBAPUAHTOB (T. €. IOJI-
HOTBI OTHOCUTEJIbHO 33JAHHOIO MHOXKECTBa IpereenToB). [lokasza-
HO, 9YTO KOMOMHATOPHOE TECTUPOBAHWME KPUTEPHUs PEryJsPHOCTH CO-
OTBETCTBYIOIIEH 3a/1aUN DPACIO3HABAHUSI MTO3BOJISET KOJUIECTBEHHO
OIIEHUTH JIOKAJIBHYIO IIOJIHOTY HCIOJIb3YeMbIX MHBapHaHToB. Ilpes-
CTaBJIEHBI PE3YJIbTAThl MTPAKTUIECKOTO NPUMEHEHUs IIPEIaraeMoro
dbopmasnm3amMa K psify IpUKIaJHBIX 3871349 [1, 2].

Pabora wacrwano mommepkana rpanramu POOU NeNe12-07-
00485, 13-07-12053 n 14-07-00852.

[1] Torshin I. Yu., Rudakov K. V. On the application of the combinatorial
theory of solvability to the analysis of chemographs // Pattern
Recognition and Image Analysis, 2014. Vol. 24. P. 11-23.

[2] Torshin I. Yu., Rudakov K. V. Local completeness of the chemographs’
invariants in view of the combinatorial theory of solvability // Pattern
Recognition and Image Analysis, 2014. Vol. 24. P. 196-208.
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lvariants of labeled graphs in the combinatorial theory
of solvability

Torshin Ivan'x tiy135@yahoo.com
Rudakov Konstantin'?? rudakov@ccas.ru
'Moscow, MIPT

2Moscow, CC RAS

Combinatorial theory of solvability, which is a development of the
algebraic approach to the problems of pattern recognition and classi-
fication, is a modern tool for the study of the feature descriptions of
objects. The report presents a formalism that allows to apply combi-
natorial theory of solvability to graph-theoretic constructions. Intro-
duced special kinds of markup are x-chains (chains of labeled vertices)
and y-nodes (subgraphs of neighborhoods of labeled vertices). It is
shown that the relation of occurrence of y-chains and y-nodes are
graph invariants. Completeness criteria of corresponding invariants
were obtained. In the framework of the combinatorial theory of solv-
ability, the labeled graphs are treated as objects and their invariants
as features of the objects. The criteria for the local completeness of

the investigated sets of invariants (i.e., completeness relative to a

given set of precedents) were derived. It is shown that combinatorial

testing of the regularity criterion of the corresponding recognition
problem quantifies local completeness of the invariants used. The re-
sults of practical application of formalism to a number of applications

are discussed [1, 2].

This work was supported in part by RFBR grants 12-07-00485,

13-07-12053, and 14-07-00852.

[1] Torshin I. Yu., Rudakov K. V. 2014. On the application of the combi-
natorial theory of solvability to the analysis of chemographs. Pattern
Recognition and Image Analysis 24:11-23.

[2] TorshinI.Yu.,, Rudakov K. V. 2014. Local completeness of the
chemographs’ invariants in view of the combinatorial theory of solv-
ability. Pattern Recognition and Image Analysis 24:196-208.
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KorHutunsHble cpeacTBa B UHTENNEKTYaIbHbIX
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!Tomex, ToMckumit rocyjapCTBEHHbIH ApPXUTEKTYPHO-CTPONTETBHEII
YHUBEPCUTET

2Tomck, TOMCKHI TOCYIAPCTBEHHBI YHIBEPCHTET

3Tomck, ToMCKmit rOCYIapCTBEHHEI yHUBEPCHTET CIHCTEM YIIPABJICHHS 1
Pa/HO3IEKTPOHUKH

KorautuBHbIe cpeicTBa MUPOKO UCIOJIB3YIOTCST B HHPOPMAIIOH-
HBIX TEXHOJIOTUSIX ISl PEIIeHNs PA3JINIHBIX 33,19 B TAKUX 00JIACTHX,
KaK MeJUINHA, 00Pa30BaHue, MeoJIOTHsI, IPOEKTUPOBAHUE, COIIUOJIO-
I'Us, IICUXOJIOTU, ICUXUATPUA, IKOONOMETHUITIHA, SKOT€OIOTUs.

Omnwucan MeToJ] MATPUYHOIO IPEJCTABJICHUS JaHHBIX U 3HAHUN
B HMHTEJUIEKTYAJIbHBIX CHCTEMaX IOJJEPKKIA TPUHATUS PeEIeHui
(TIIIP). Tlox 3aKOHOMEPHOCTSIME MOHMMAIOTCS IOJAMHOXKECTBA IIPHU-
3HAKOB C OIPEJIEJIEHHBIMU JIEFKO MHTEPIIPETUPYEMBIME CBOICTBAM,
BJIMSAIONAMHY Ha PA3JINYNMOCTh OOBEKTOB U3 PA3HBIX 00Pa30B, yCTOM-
YUBO HAOJIIOMAEMBIME JIjIsI 0OBEKTOB U3 00YJAIOINIeil BLIOOPKHU U IIPO-
SIBJISFOIIIUMUCST HA JIPYTUX OOBbEKTaxX TOH Ke IMPUPOJIbI, & TaK¥XKe Be-
coBbIe KO3 DUINEHTHI MPU3HAKOB, ucnoJib3yemblie npu [TTIP.

IIpencraBiienbl OpurnHAJIbHBIE KOTHUTUBHBIE CPEJICTBA: BU3YaJ -
3anuyu THOOMAIMOHHBIX CTPYKTYD; KPyroBas JuarpaMma s BH3Y-
aJU3aIi 3aKOHOMEpHOCTel; 3-cuMminieke st Busyasu3anuu [IITP u
TpaekTopuu o0ydenus. Vcrob3yst 3-CUMILIEKC, MOXKHO IIPEJICTABUTH
pa30ueHune IMHAMUK TeX WJIM WHBIX IIPOIECCOB Ha, MOAIPYIIIBI, UTO
TaKKe fABJISLETCs IPEUMYIIECTBOM TPUMEHEHNS 3-CUMILIEKCa, OCODEH-
HO Jijis1 Tiporiecca obydenusi. Onucano HOBOe KOTHUTHUBHOE CPEJICTBO
«Mumiens ¢ orobparkeHreM JOIIOJIHUTEIBHBIX 3aBUCUMOCTEN» JIJIs
IIITP. Taubl 06JacTH IPUMEHEHNs] KOTHUTUBHBIX cpecTs [1].

Pabora nomuepxkana rpanrtamu PODOU  (upoektor NeNe13-07-
00373a, 13-07-98037-r cubups_a un 14-07-00673) u "acTuIHO IpaH-
roM PTH® (upoekr Ne 13-06-00709).

[1] Yankovskaya A. Yamshanov A. Krivdyuk M. Application of cognitive

graphics tools in intelligent systems // IJEIT, 2014. Vol. 3. Iss. 7. P. 58—

65.
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Cogpnitive tools in intelligent systems
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2Tomsk, Tomsk State University
3Tomsk, Tomsk State University of Control Systems and Radioelectronics

Cognitive tools are widely used in information technology for solv-
ing various problems in such areas as medicine, education, geology,
engineering, sociology, psychology, psychiatry, ecobiomedicine, and
ecogeology.

The implemented method of matrix representation of data and
knowledge in intelligent systems of decision-making support is de-
scribed. Regularities are subsets of features with particular, easy-to-
interpret properties that affect the distinguishability of objects from
different patterns that are stably observed for objects from the learn-
ing sample and are exhibited in other objects of the same nature and
weight coefficients of features used for a decision-making support.

Original cognitive tools: visualization of information structure;
circle diagram of regularities visualization; 3-simplex for visualiza-
tion of decision-making support and the learning trajectory are given.
In addition to direct display of process dynamics with using the
3-simplex, it is possible to present partitioning of dynamics of dif-
ferent processes under investigation into subgroups, which is also an
advantage of using the 3-simplex and especially important in the
process of teaching and learning. New cognitive tool “Target with
Display of Additional Dependencies” for decision-making support is
proposed. Application areas of cognitive tools are given [1].

The research is supported by the Russian Foundation for Basic
Research (projects Nos. 13-07-00373a, 13-07-98037-r_sibir_a, and 14-
07-00673) and partially by the Russian Humanitarian Scientific Foun-
dation (project No. 13-06-00709).

[1] Yankovskaya A. Yamshanov A. Krivdyuk M. 2014. Application of cog-
nitive graphics tools in intelligent systems. IJEIT 3(7):58-65.
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OnucaHue MHOIromMepHbIX AnHamMmmn4yecCckmnx npoueccos
Ha A3blke nepapxmm KoHuenTos
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'Hosocubupck, Mucruryr maremaruxun CO PAH
*Hosocubupck, KT BT CO PAH

Paccmorpenue 3aj1a4 aHa m3a JaHHBIX, BOSHUKAOIIUX IPU U3y Ie-
HUW CHCTEM W IIPOIECCOB, OMMCHIBAEMBIX TabJIMIAMU THUIIA, «O0bEKT—
CBOIiCTBO-BpeMsi» (KyOOB JIAHHBIX) IIPUBEJIO K 3aKJIIOYEHUIO O EJIECO-
00pPa3HOCTHU OMUCAHUS ITUX JAHHBIX C IIOMOIIBIO KOHIIEIITOB PA3HOTO
“epapxXuIecKoro yposHs. KoHIenToM 371ech Ha3bIBA€TCH OTPE3OK Bpe-
MEHU, HA [TPOTS?KEHUH KOTOPOI'O IIapaMeTPhl JJMHAMAYECKOI'O [IPOIIeC-
ca MOIUYUHSIIOTCS 33JIaHHON 3akoHOMepHOcTH. [lepexos K onucanuto
HEKOTOPOI CUCTEMBI B TEPMUHAX KOHIIEIITOB TO3BOJISIET MIPE/ICTABUTH
MIOBEJIEHNE ITO CUCTeMBI B yipomiennom Buge. s dopmupoBanus
KOHIIETITOB, UX THUIIM3AIUN U PACIIO3HABAHUS B IOTOKE JAHHBIX OBLIN
pa3paboTaHbl METO/IbI, OCHOBAHHBIE HA NCIIOJIB30BAHIH (DYHKIINH KOH-
KypenTHoro cxogcrsa (function of rival similarity, FRiS-byukiun).

ITonyyennas: TakuM 006pa30M CHCTEMAa OIMUCAHUI MTOBEJIEHUS 00b-
€KTOB IIPUMEHSJIACh I PElIeHus 3aJa9/d PACIO3HABAHUS COCTO-
SHWH, B KOTOPO# HEoOXomamMo chOpMUpPOBATH PEIaioIiee MPaBUIIo,
[IO3BOJISIIONIEE PA3INYATh HCCJIE/lyeMble COCTOSHUA U IE€PEX0/Ibl 00b-
€KTOB M3 OJIHOI'O COCTOSIHUSI B Jipyroe. Apropamu rpejjiaraercsi (pop-
MaJibHasl TIOCTAHOBKA 3a/[aYi PACIO3HABAHUSI COCTOSIHUN OOBEKTOB U
MIPOCTEHIIE TOIXO/IBI K €€ PEIEHUIO KaK C MCIIOJIb30BAHUEM IIPE/IBA~
pUTEIbHON pa3bUBKM MMOTOKA JAHHBIX HA KOHIIEIITHI, TaK U 6e3. DTu
IIO/IXO/IbI TECTUPYIOTCS HA NPUKJIAIHON 3a/ia4ue U3 00JIaCTH COIAaIb-
HOI MeIUIMHbBI, IOCBSIIIEHHON KOHTPOJIIO 3a IIOBEJIeHUEM ITal[HeHTOB
10 CUT'HAJIAM JIATYUKOB, YKPEIJIEHHBIX Ha €ro Teje. Pe3yibrarsl 9KC-
MIEPUMEHTa TIOKA3BIBAIOT, UYTO UCIOJb30Banue FRiS-dyuknu mosso-
JITeT HAJIeYKHO YJIeHUTDH IIOTOK JIAHHBIX HA YIACTKH, COOTBETCTBYIO-
IIIMe KOHIENITAM, U PACIIO3HABATH THUITHI CTAIIMOHAPHBIX KOHIENTOB [1].

Pabora nognep:xana rpanTom PODU Ne14-01-00039.

[1] Baeopytixo H. I, Bopucosa U. A., Jlesaros J. A. Onucanue MEOrOMep-

HBIX JIMHAMUYIECKNX IIPOIECCOB HA fA3bIKe mepapxuu konnenros // Ha-

yauslii Bectauk HI'TY, 2013. Ne1(50). C. 60-67.
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Description of multivariate dynamic processes
with concepts hierarchy
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Analyzing the structure of Data Mining tasks, described by data set
“object—feature-time” (data cube), gives an idea to describe such
data with concepts hierarchy. A concept is interpreted as a time
range where dynamic process parameters are conformable to some
regularities. After the concepts vocabulary forming, one can trans-
form a dynamic process into text scenario of the process. For con-
cepts extraction, clustering, and recognition, the methods, based on
the function of rival similarity, were proposed.

Description of dynamic behavior of a system in terms of con-
cepts hierarchy is used for states recognition problem where different
states of objects should be classified. In the work, definition of the
problem and simplest methods for its solving are presented. These
methods were tested on the task of patient’s activity recognition,
where 11 states of the person should be detected on 4 sensors indica-
tions. The results of the experiments proved what the methods allow
to determine the bounds of stationary concepts and to recognize their
types [1].

This research is funded by RFBR, grant 14-01-00039.

[1] Zagoruiko N., Borisova I., Levanov D. 2013. Description of multivariate

dynamic processes with concepts hierarchy. Naychni Vestnik NGTU
1(50):60-67.
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Ncnonb3oBaHue n3bbITOYHOCTM B Kybax AaHHbIX
ANsa obHapy»eHusi owmnboK 1 3anosiHeHus Nnpobesnos

Bazopytivo Huxonatli I'puzopvesur’« zag@math.nsc.ru
Tamapruroe Badum Baadumuposun® vadim.tatarnikov@gmail . com
'Hosocubupck, Mucruryr maremaruku um. C.JI. Cobomesa CO PAH
2Hopocubupck, HOBOCHGHPCKIiA TOCYIaPCTBEHHDIH YHIBEPCHTET

PaccmarpuBaiorcst BO3MOXKHOCTH HUCIIOJIB30BAHUST U30BITOTHOCTH
nHdOpMAIUH, cojepkKaIlieiics B Kybax JaHHBIX TUIMA «O00bEKT—IIPHU-
3HAK—BpEMsi», JIJIsl 3aII0JIHEHUsI ITPODEJIOB U ODHAPYKEHUsT ONIUOOK.
JLytst pabOTHI C KAXKIBIM JIEMEHTOM MCIIOJIb3yeTCst mHpOpMaIns He u3
BCero Ky0a JIAaHHBIX, & JIUIIh U3 ero «KOMIETEeHTHOro» mojakyba. Ha-
30BEM CTPOKY, CTOJIOEI] U JIMHUIO, HA [T€PECeYEHNN KOTOPBIX HAXOJUAT-
csT Ipobest, TeIeBeIMU (pparMeHTaMu. B KOMITETEHTHBIN MOJIKY0 BXO-
aar parMeHTsl (CTpoKa, cToJber] U JIMHUs), Hanbosee TIOXOXKUe Ha
1eJieBble (pparMeHThl. B KadecTBe MEphI CXOACTBA MEXKJLY (hparMeH-
TaMU KCIOJIb3yeTCsl TepHapHas (DYHKIUs KOHKYPEHTHOTO CXOJICTBA
(FRiS-dyukius). PopmupoBanue 10AKyba HAUMHACTCA C CO3JAHUS
€ro «3apo/ibllliay B Buje repecedenus k X k X k dpparmenTos. 3arem
Pa3MepHOCTDH TOJIKY0a YBEJIMIUBACTCS Iy TEM IPUCOEINHEHUS 11 HAN-
60Jtee KOMIIETEHTHBIX (PPArMEeHTOB U MCKJIFOUEHUs o HauMeHee KOM-
METEHTHBIX (bparMeHToB, Ny > ng. dra npoueaypa Addition—Deletion
YMEHbBIIIAeT BEPOSITHOCTD MOMAIAHNS B JIOKAJbHBIA sKcTpeMyM. [Ipo-
1ecc HapallBaHUs padMepa MojKyba OCTaHABJIUBAETCs, KOTJA Cpe-
Ju bparMeHToB, He BXOJAIINX B MOJKYO, He HAXOAUTCA (PparMeHTa
¢ KOMIIETEHTHOCTBIO, IPEBBIAONIENl 3aaHHbIii opor. Ilpesickasa-
HUEe 3HavYeHUsl Mpodesia JeaeTcs ¢ HCIOJIb30BAHUEM MHOIOMEpPHOI
perpeccun MexKJiy MeJeBbIME (hparMeHTaMu 1 (hpparMeHTaMu, BXOs-
IMIIMU B COCTaB MOAKyba. I OleHKN 0XKUIaeMOi OIMUOKHU MTPOTHO-
3a UCIOJIB3YETCs CPeJiHee 3HAYEHNE OMMOOK IIPEICKA3AHNS ITUM KE
c110coO0M BCEX U3BECTHBIX 3JIEMEHTOB IIeJIeBbIX (pparMeHnToB. IIpuBo-
JIUTCS IPUMED UCIIOJIb30BAHUS aJITOPUTMA, JJIsI PEIIeHNs TPUKJIATHON
3aja9n u3 obsacru Hedre00b4n [1].

[1] Bazopytixo H.I., Tamapnukxos B. B. Obuapyxenme omuboK u 3a-

nonHenue 1npobesos B Ky6ax JanHbix // Cubupckuii KypHas
uHAycTpuaibHoii Maremaruku, 2014. T. XVII. Ne2(58). C. 50-58.
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Use of redundancy in cubes of data for detection
of errors and filling of blanks

Zagoruiko Nikolay'« zag@math.nsc.ru
Tatarnikov Vadim? vadim.tatarnikov@gmail.com
!Novosibirsk, Sobolev Institute of mathematics of the Siberian Branch

of the Russian Academy of Sciences

2Novosibirsk, Novosibirsk State University

The opportunities to use of redundancy of the information contain-
ing in cubes of data of type “object—attribute—time” for filling blanks
and detection of errors are surveyed. For work with each element, the
information not from all cube of data but only from its “competent”
subcube is used. Let call a line, a column, and a series, on which
crossing there is a blank, target fragments. In competent subcube,
the fragments (a line, a column, and a series), which are most similar
to target fragments, enter. As a measure of similarity between frag-
ments, figurative function rival similarities (FRiS-function) is used.
Formation of subcube starts with creation of its “germ” in the form
of crossing k x k x k fragments. Then, dimension of the subcube is en-
larged by addition of the most competent fragments n; and deletion of
the least competent fragments ny, n1 > no. The procedure Addition—
Deletion reduces probability of hit in a local extremum. The process
of escalating of the subcube stops, when among the fragments which
do not enter in subcube, there is no fragment with the competence
exceeding the threshold. The prediction of value of a blank is done
with use of multivariate regress between target fragments and the
fragments which are a part of subcube. For an estimation of an ex-
pected error of the forecast, the average value of errors of a prediction
by the same way of all known elements of target fragments is used.
The ways of acceleration of programs working with big data are de-
scribed. The example of use of the described program 3D-ZET for the
decision of an applied task from area of oil extracting is presented [1].
[1] Zagoruiko N.G., Tatarnikov V.V. 2014. Discovering of errors and fill-

ing gaps in data cubes. Siberian J. Industrial Mathematics XVII(2(50—

58)).
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CunHTe3 nuHeiHbIX MHOIFroMepHbIX CNCTEM
KBA3UVNHBAPMNAHTHOIO ynpajaeHunsa metogamMmu
pacno3HaBaHNA O6pa3OB
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Komeavrukxos Hzopv Bauecaasosuy neymark@pmk.unn.ru

Hwxuuit Hosropoa, Huxkeropoackuii rocy1apCTBEHHbBI YHUBEPCUTET UM.
H.1. Jlo6auesckoro

Pabora mocssitiena mpobiieMe CHMHTE3a CUCTEM YIIPABJICHUsI, KO-
TOpPbIE JIOJIZKHBI HE YCTPaHATH BO3SHUKAIOIIIUE OIHI/I6KI/I, a [IpeJaoTBpa-
ATh UX, CAEJIaB OOBEKT yIPABJICHUs HEBOCIPUUMYHUBBIM (MHBApPU-
AHTHBIM ) K BHEIIHUM Bo3zeiicrBusam. Paccmarpusaercs 3aa4a mapa-
METPUIECKOro cuHTe3a JuHelHbx MHoromMepunrx (MIMO — Multiple
Input Multiple Output) cucrem KBa3UMHBAPHUAHTHOIO yIPABJIEHHS C
peryaupoBaHueM 1o omnbke yrpasieHus. [log KBasumHBapHaHTHO-
CTHIO TIOHUMAETCs TpebyeMasl MaJIoCTh OMMOKY YIIpaBJIEHUs] B yCTa-
HOBUBIIIEMCsI DEXKUMe. IDTa 3ajada He sIBJISIeTCS SKCTPEMAJIBHOW U
OTJINYAETCsI OT TAKOBOH KaK IO ITOCTAHOBKE, TAK W IO METOIaM €€
pemenns. g cuaTe3a TAKAX CHCTEM IIPEJIATaeTCs UCIOJIH30BaTh
HOBBIH TIOIXOT, pa3pabOTAHHBIHN JTsT CHHTE3a JIMHEHHBIX OTHOMEPHBIX
(SISO — Single Input Single Output) cucreM KBa3sUMHBAPUAHTHOTO
yIIpaBJIeHNs C 3aJJaHHBIMUA CBOMCTBAMU. DTOT IIOIXO0J, OCHOBAH HA I10-
CTAHOBKE W DEIEeHUN 33/[a91 CHHTE3a METOJAMU PACIO3HABAHUSA 00-
pa30B € aKTHUBHBIM dKcrepuMmeHToM. MeTonpl pacmosnaBanus pabo-
TAIOT B IIPOCTPAHCTBAX OOJIBINON PA3MEPHOCTH U TO3BOJISIIOT HAWTH
HYKHYIO 00JIACTh MCKOMBIX IIaPAMETPOB C 33/[aHHOI CTENEHBIO CTa-
TUCTUYIECKOHN JTI0CTOBEPHOCTH. BO3MOXKHOCTH U 0COOEHHOCTH IIpUMe-
HEHUsI HOBOTO IIOJIXO/a MMPOUJIIIOCTPUPOBAHBI HA IIPUMEpE JIBYX Ma-
TEeMATHIECKAX MOJEsIeil CUCTEM YIIPABJIEHUS: YIIPABJICHIE THPOILIAT-
dbopmoii u ramenue KojebaHUl BEICOTHBIX COOpYzKenwmii [1].

Pabora Bbimosinena npu puHaHCOBOH MO AEpKKe MUHICTEPCTBA
obpazoBanus u Hayku Poccuiickoiit Pejrepariuu B pamMkax 6a30Boi da-
CTH.

[1] Komeavnuxos U. B., Texauna JI.I. Cunres muneiinpix MIMO-cuc-

TeM KBa3WMHBAPUAHTHOI'O YIPABJIEHUs] METOJAMHU DACIO3HABAHUSA OO-
pasos // Becruuk HHI'Y num. H. 1. Jlo6auesckoro, 2014. Boi. 4.
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Synthesis of linear multidimensional systems
for the quasi-invariant control using methods
of pattern recognition

Teklina Larisax teklina2010@yandex.ru
Kotel’nikov Igor neymark@pmk.unn.ru

Nizhni Novgorod, Lobachevsky State University of Nizhni Novgorod

The work is devoted to the synthesis of the control systems which
should not eliminate errors that occur but provide the perturbation
invariance for the control object. The problem of parametric synthe-
sis for linear multidimensional (MIMO — Multiple Input Multiple
Output) systems of quasi-invariant control with regulation in control
error is examined. Under quasi-invariance, it is understood the re-
quired little value of the control error in the steady state. This task
is not extremal and differs from the same by both the formulation
and the methods of its solution. To solve this problem, it is proposed
to use a new approach that should be developed for synthesis of the
linear one-dimensional (SISO — Single Input Single Output) quasi-
invariant control systems with the given properties. This approach
is based on the formulation and solution of the synthesis problem
as a problem of pattern recognition with the active experiment. The
methods of pattern recognition work in spaces of high dimension and
allow one to find the desired region of the unknown parameters with
the required degree of statistical reliability. The possibilities and pe-
culiarities of the new approach are illustrated by two mathematical
models of the control systems: the gyro-platform control and vibra-
tion damping of high-rise buildings [1].

This work was financially supported by the Ministry of Education
and Science of the Russian Federation within the framework of the
base portion.

[1] Kotel’nikov I., Teklina L. 2014. Synthesis of linear MIMO-systems for
the quasi-invariant control using methods of pattern recognition. Vest-

nik of Lobachevsky State University of Nizhni Novgorod 4.
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O HekoTOpbIX BOMpOcCax aHa/n3a Ny4ykoB BpPeMeHHbIX
psigoB

Duaunenros Hurxonatli Baadumuposun'x  n.filipenkov@mail.ru

Iemposa Mapuna Asexceeena’

'Mocksa, CAC UucTuTyT
2Mocksa, HUSTY MUOU

marina_petrova@mail.ru

B macrosmeit pabore paccmaTpuBaeTcs pa3pabaTbiBaeMbIil aBTO-
paMu OJIXOJ, K IOUCKY 3aKOHOMEPHOCTEN B IIyYKaX HECTAIIMOHAPHBIX
k-3HaYHBIX BPEMEHHBIX PSJIOB. DTOT IIOJXOJ IIO3BOJISIET BBISBJISITH
3aKOHOMEDHOCTH, KOTOPBIE IOABEPIaIOTCs «IIJIABHBIMY CTPYKTYPHBIM
U3MEHEHUSIM C TE€IeHUEM BPEMEHH.

Hacrosimmast pabora mOCBsIIeHa OMUCAHUIO PEe3yabTaToB ampoba-
AA PACCMATPUBAEMOrO IIO/IXOJ[A HA MOJIEJBHBIX U PeabHBIX 3aa-
vyax. VcibiTanust Ha MOJIEJIbHBIX 3a/[a9aX OKA3aJIl, YTO MOIXO0J 103~
BoJisteT 3(P(PEKTUBHO HAXOJUTH 3AJIO2KEHHBIE 3aKOHOMEDHOCTHU IIPU
JOCTATOYHO BBICOKOM YPOBHE ITyMa. DKCIIEPUMEHTHI Ha MOJIEJIbHBIX
IIyYKaX BPEMEHHBIX PsIIOB IOKA3AJIM, 9TO UCIOJIH30BAHIE MEPhI CXO/I-
CTBa 3aKOHOMEDPHOCTE! B (PYHKIIMOHAJE KAIeCTBA CYIIECTBEHHO IIO-
BbIIIAE€T TOYHOCTDH IIPOI'HO3UPOBAHUA. B paMKaX 9KCIIEpUMEHTOB 6])1.]'[
[OJIy9€eH JMAIa30H BECOB, IIPU KOTOPOM JIOCTUTAETCS MaKCHUMAJIbHOE
KA4eCTBO PACIO3HABAHUs. AHAJN3 PEAJHHBIX BPEMEHHBIX PSIJIOB C
MIPUMEHEHNEM PACCMATPUBAEMOTO AJTOPUTMA CBHUIETEIHCTBOBAI 00
3 dEKTUBHOCTH AJITOPUTMA IIPU KPATKOCPOYHOM ITPOTHO3UPOBAHUN.
Bwmecte ¢ Tem anropuTm perraeT m 33124y MHTEJJIEKTYAJIHHOIO aHa-
JIN3a JIAHHBIX, [IPEJJIOZKUB 3aKOHOMEDPHOCTH, OIUCHIBAIOIINE B3AMMO-
CBsI3b OJTHOMEPHBIX BPEMEHHBIX PSIIOB.

Takum obpazom, anmpobars pacCMaTPUBAEMOr0 OIXO0Aa K IIPO-
THO3UPOBAHUIO IIPOIECCOB C IIJIABHO MEHSIONIIMUCH 3a8KOHOMEPHOCTSI-
MU Ha MOJIEJIBHBIX U PEAJIbHBIX JTAHHBIX II03BOJISET CYIUTH O JIOCTa-
TOYHOM 3(PPEKTUBHOCTH Pa3pabaATHIBAEMBIX aBTOPAMH aJOPUTMOB
[IpY AHAJIM3E IIy9YKOB BPEMEHHBIX PsJIOB C IJIABHO MEHSIFOIUMUCS 38~
KOHOMEPHOCTSIMU.

Pabora mognepxana rparrom PODU Ne13-07-00293.

[1] Quaunenros H. B., Ilemposa M. A. O HEKOTOPBIX BOIIPOCAX AHAJINA3A

ILyYKOB BpEMeHHBIX psiZioB // MammHHOe 00y4ueHne n aHAIN3 JIAHHBIX,
2014 (B meuarn).
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On the Analysis of Multidimensional Time Series

Nikolay Filipenkov'« n.filipenkov@mail.ru
Marina Petrova’ marina_petrova@mail.ru
'Moscow, SAS Institute

2Moscow, MEPhI

In this paper an approach for discovering rules in nonstationary finite-
valued multidimensional time series is discussed. It allows one to dis-
cover rules that are slightly changing their structure over time. A
measure of rule similarity is introduced and studied as a weight on
the graph of rules.

This paper is focusing on the results of the application of the dis-
cussed algorithm to the modeled and real problems. The experiments
on the model problems show that the approach allows to mine the
hidden rules efficiently even under high noise conditions. The exper-
iments on the modeled multidimensional time series show that us-
ing the rules similarity measure in the quality function significantly
increases the forecast accuracy. During the experiments the weight
range for maximum data mining quality is identified. The analysis
of real time series based on the discussed approach show the algo-
rithm’s efficiency for short-term forecasting. In addition to that the
algorithm is also solving the data mining problem while finding the
rules describing the interconnection of the univariate time series.

The application of the discussed approach for forecasting the pro-
cesses with slightly changing rules on modeled and real data shows
the efficiency of the developed algorithms for the analysis of multidi-
mensional time series with slightly changing rules.

This research is funded by RFBR, grant 13-07-00293.

[1] Filipenkov N.V., Petrova M. A. 2014 (in press). On the Analysis of

Multidimensional Time Series. Machine Learning and Data Analysis.
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MHTennekTyanbHblie MeToabl CTPYKTYPHOro aHanm3a
MHOrOMepHbIX TPaeKkTopuii

Yepruascruti Aaexcandp Jleonudosunw'x achern@ipu.ru
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opogerox Anexcardp Aanexcardposuy daa2@mail.ru

Hopogerox FOrua Anexcandposna'’?
"Mockea, UIIY PAH

2Mocksa, HIY BIIID

dorofeyuk_julia@mail.ru

[Ipennoxkena obIrast MOCTAHOBKA 38/Ia9H HHTEJJIEKTYAJIbHOTO aHA-
JIN3a JUHAMAYECKUX 00'bEKTOB, KOTOpasl (DOPMy/IUpyeTcst Kak 3aja4a
CTPYKTYPHOIO aHaau3a MHOroMepubix Tpaekropuii (CAMT) B 3agan-
HOM TPOCTPAHCTBE MCXOIHBIX mapameTpoB. KaxkioMy 06bekTy cormo-
CTaBJIIETCs OTPE30K JUCKPETHOl TpaeKTopun (0OTPE30K MHOIOMEPHO-
ro JIMCKPETHOIO BPEMEHHOro psijia) — Habop 3HAYEHUI 1apaMerpos,
XapaKTepU3yIoIuit 3TOT 00bEKT JJIsI HEKOTOPO# JUCKPETHOH Tocie-
JI0BaTEIbHOCTA MOMEHTOB BPEMEHU M3y4YaeMOro OTPe3Ka BPEeMEeHHOIo
psana. V3ydenue cTpyKTYpPbl MHOYKECTBA TAKUX TPACKTOPUI JIJIsl BCETO
UCXOHOrO Habopa 00beKTOB U sBJsiercs reapio CAMT. B pamkax Ba-
PUAIIMOHHOTO MOJIXO0/Ia K 33Ja9aM CTPYKTYPHO-KIACCH(DUKAIIMOHHO-
ro anajuza paspaboran ajaropurm CAMT, nosposisifonuil BIIESTE
KJIACCHI TPAEKTOPUil, KaXK/Iblii U3 KOTOPBIX XAPaKTEPU3YET OIIPejIe-
JIGHHBI TUT JTUHAMUKHI (DYHKITHOHUPOBAHUS UCCIEIYEMBIX OObEKTOB.
[IpoBesieH TeOpETUIECKUN AHAJIAZ ITOIO AJTOPUTMA, B JOCTATOTHO
OOIMUX TIPEJIIOIOKEHHSAX JTIOKA3aHA TEOPEMA, O er0 CXOINMOCTH, 06ec-
IEYUBAIONIAS CTAIHOHAPHOCTD IIPEJIEILHOTO 3HAYEeHUs (hyHKIIMOHAIA,
(kpurepust kavecrsa) [1].

Pabora nmomgep:xkana rpanramu POOU Ne14-07-00463-a u Ne13-
07-00992-a.

[1] Yepnascrui A.JI., Jopoperx A.A., Hopoperor FO.A. Unrennexry-
aJbHBIE METOJIbI CTPYKTYPHOTO aHaJu3a MHOTOMEPHBIX TPAeKTOpHit //

Mamusunoe ofyueHue n aHanus paHubix, 2014 (B negarn).
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Intellectual methods of structural analysis
of multidimensional trajectories

Chernyavskiy Alexander'x achern@ipu.ru
Dorofeyuk Alexander'? daa2@mail.ru
Dorofeyuk Yulia'> dorofeyuk_julia@mail.ru

"Moscow, ICS RAS
2Moscow, SIU HSE

A general formulation of the dynamic objects intellectual analysis
problem, which is formulated as the problem of structural analysis
of multidimensional trajectories (SAMT) in a given space of initial
parameters. Each object is mapped to a segment discrete trajectory
(cut multidimensional discrete time series) that is a set of parame-
ters characterizing the object for some discrete sequence of the time
moments of the time series interval under study. The study of the
structure of such trajectories set for the entire initial objects set is
the SAMT purpose. In the framework of the variational approach to
the structural-classification analysis problems, the SAMT algorithm
was developed that allows to distinguish the classes of paths, each
of which is characterized by a specific dynamics type of the stud-
ied objects functioning. A theoretical analysis of this algorithm held
and the theorem about its convergence providing stationarity limit
value of the functional (quality criteria) was proved in quite general
assumptions [1].

This research is funded by RFBR, grants 14-07-00463-a and 13-
07-00992-a.
[1] Chernyavskiy A., Dorofeyuk A., Dorofeyuk Y. 2014 (in press). Intel-

lectual methods of structural analysis of multidimensional trajectories.

Machine Learning and Data Analysis.
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K Bonpocy o co3gaHumn camoobDy4atoLueiics cucTemMol
NnoaAep>XKu NPUHATUS pelseHuii B obnacTtum
Gup>keBoii TOProBan, OCHOBaHHOM

Ha OTKAa30yCTOMYUBbIX NOAMHOXECTBaX

CUrHaNbHbIX NPU3HAKOB

Anrxoscran Anna EPumosna' > ayyankov@gmail.com
Amemoe Punam Bumnyposuw?® rin@tsuab.ru
Kumuaep Cepzeti Baadumuposu® svkitler@gmail.com

I Tomexk, ToMcKuil ToCYIAPCTBEHHBLA yHIBEPCHTET
2Tomck, ToMCKmiT rOCYIAPCTBEHHEI aPXHTEKTYPHO-CTPOUTEbHbIIT
YHUBEPCUTET
3TOMCK, Tomckuit ToCyTapCTBEHHBIN YHUBEPCUTET CUCTEM YIIPABJICHUS
U Paauo3IeKTPOHUKN
IIpu aBTOMaTH3AIME IPOIECCA WHBECTUPOBAHMS OCHOBHOI ITPOO-
JIEMOH SIBJISTIOTCSI KOJIMYECTBO U IPUPOJIA UCCIIELYEMBIX JTAHHBIX, HMe-
IOINX CTOXACTUIECKU xapakTep. [Ipu 3ToOM cTaTncTraeckne MeTo bl
MIPOTHO3UPOBAHUS JTUO0 HEIPHEKTUBHBI, MO0 HANIEHHBIE C UX TTOMO-
IO 32KOHOMEPHOCTH OBICTPO CTAHOBATCS HEAKTYaJIbHBIMU.
st pelreHus 3aJla9i MHBECTHPOBAHUS IIPEJJIAraeTcs CO3/IaHUe
camooOyuvaromeiica uareekryanabuoit cucrembl (MC), ocHoBanHOM
Ha JIOTUKO-KOMOMHATOPHO-BEPOATHOCTHBIX METOJAX PACIIO3HABAHUS
00pa30B M OTKA30yCTONYMBBIX NUATHOCTAYECKUX Tectax. lIpesmara-
€TCsl PsiJi OPUTMHAJBHBIX AJITOPUTMOB, HOBBIIIAIOIINX TOYHOCTH Pac-
[o3HaBaHUA U 3POEKTUBHOCTD aJIIOPUTMUYECKON TOPrOBJIU B 1IEJIOM,
[peIHA3HAYEHHBIX JJIsI BBISBJIEHIS OTKA30YCTOMIMBBIX ITOJIMHOXKECTB
CUTHAJIbHBIX MMPU3HAKOB M HA WX OCHOBE ITOMCKA BPEMEHHBIX WHTED-
BAJIOB TPEHJA, HA KOTOPBIX JWHAMHUKA M3MeHEHUs! (DUHAHCOBBIX II0-
KazaTeJiell mepecTaeT HOCUTh CTOXaCTUYECKHUIT XapaKTep.
IIpemaraemasi camoobyuarorasicss VIC npuHsiTUst pelreHuii B 00-
JlacTu OMprKeBOi TOProByin Oyser 00J1aaTh HECOMHEHHBIMU KOHKY-
PEHTHBIME IPENMYIIECTBAMA 33 CUET COUETAHUS PA3JIMIHBIX MTOJIXO-
JI0B (KOHBEDIEHITMN HECKOJIbKUX HAayK W HAaydHBIX HalpasiaeHuii) [1].
Pabora nmogmepxana rpantamMmu POOU Ne13-07-00373 u Ne 13-07-
98037.
[1] Anxosckan A. E., Amemos P. B. Jlornko-KoMGHHATOPHO-BEPOATHOCT-
HBIN TOJXO0x K aHauu3y ¢dongosoro poika // Tpynst Konrpecca mo
UHTEJIJIEKTYaJIbHBIM CUCTEMaM U I/IH(i)OpMa.LLI/IOHHLIM TEXHOJIOTUAM «IS—

1T°10». Mocksa: @uamariut, 2010. — C. 344-350.
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About creation of self-learning support system
for decision-making on stock markets
based on fault-tolerant subset of signal features
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Kitler Sergei® svkitler@gmail.com

!Tomsk, Tomsk State University
2Tomsk, Tomsk State University of Architecture and Building
3Tomsk, Tomsk State University of Control Systems and Radioelectronics

At automation of investment process, the basic issue is a quantity
and nature of data under investigation having a stochastic nature.
Herewith, a stochastic methods of forecasting are either noneffective
or the found regularities quickly become irrelevant.

To resolve the problem of investment, it is suggested to implement
self-learning intelligent system based on logical and combinational
and probabilistic methods of pattern recognition and fault-tolerant
diagnostic tests. Also, a number of original algorithms improving an
accuracy of recognition and increasing efficiency of algorithmic trade
in general are suggested. The algorithms are designed to reveal fault-
tolerant subset of signal features and to find time spans of trend based
on them. Dynamics of changes of financial performance on the time
spans ceases to have a stochastic nature.

Suggested self-learning intelligent system for decision-making on
stock market field will possess undoubted competitive advantages at
the expense of combination of various approaches (convergence of
several sciences and scientific directions) [1].

This work was supported by RFBR, projects Nos. 13-07-00373 and
13-07-98037.

[1] Yankovskaya A., Ametov R. 2010. Logical and combinatorial and prob-
abilistic approach to analysis of stock market. Congress for Intelli-
gent Systems and Information Technologies “IS-IT’10” Proceedings.
Moscow: Fizmatlit. 344-350. [In Russian.]
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NP-TpygHoCTb eBkIngoBon 3aga4yum o
MaKCUMasibHOM pa3pe3e
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Keavmarnos Aaexcandp Bacuavesun kelm@math.nsc.ru
ITsmxur Apmem Banepvesurx artem@math.nsc.ru

Hosocubupck, HoBocubupckuii rocyiapcTBeHHBIN YHUBEPCUTET,
WNucruryr maremaruku nm. C. JI. CoboseBa

B pabore uccieyercs ClI0KHOCTh 3aJa90 O Pa3pe3e MaKCUMAaIb-
HOT'O Beca B IOJTHOM B3BEIIEHHOM Tpade, BepIIUMHAMEA KOTOPOTO sB-
JISIIOTCST HEKOTOPbIE TOYKHU -MEPHOTO €BKJIMJIOBA IPOCTPAHCTBa. Pac-
CMaTPUBAIOTCS JIBa BapuaHTta 3a1a4un: (1) Beca pebep paBHBI €BKJIN-
JIOBBIM PACCTOSIHUSIM MEXKJIy TOYKAMHM, IIPEICTABJISIONIUMU BEPIIIH-
ubt (FBuclidean Max-Cut problem); (2) Beca peGep paBHBI KBajpaTaM
stux paccroguuii (Quadratic Euclidean Max-Cut problem).

Bompoc o craryce cmoxKHOCTH 3THX 33729 ObLT OTKPBITHIM
HECKOJIBKO JAeCSITUJIETHIA.

Euclidean Max-Cut. Jlano wmnoorcecmeo X = {x1,..., TN}
mouex u3 RY. Hatimu maxoe pazbuenue muoocecmea X wa 06a nod-
mmoorcecmea Y u Z, wmo 35,y > = ||y — z|| — max.

Quadratic Euclidean Max-Cut. Jlano mnootcecmeo X =
={x1,..., 2N} mouex us R?. Hatimu maxoe pasbuerue MHOHCECMBA
X na dea nodmnooicecmea Y u Z, wmo Y, 3>z ly—2|* — max.

AnaymzupyemMble BADUAHTHI AKTYAJbHBI, B YACTHOCTU, B AHAJIU-
3e JIAHHBIX U PACHO3HABAHUUA 00Pa30B, B KOMIILIOTEPHON reoMeTpuH,
CTATUCTUIECKON (PU3MKe, acTpodpu3nKe, OMOJIOTUN, TPOCKTHPOBAHII
MHUKPOCXEM U TEJIEKOMMYHUKAIIMOHHBIX CeTeil U JIp.

Agpropamu mokazano [1], uro o6e 3amaun (1) NP-TpysHbl B cuiib-
HOM CMBIC/IE; (2) HE UMEIOT BIIOJIHE IIOJUHOMUAILHON MPUO/IMKeH-
uoit cxembl (FPTAS — fully polynomial time approximation scheme),
ecu P#£NP. JTokazarenbcrBa B 000UX CIydasx CXOXKU U 0a3UpyroT-
csI Ha TIOJTHHOMUAJIBHON cBOgIMOCTH u3BecTHON NP-Tpyanoit 3amaxu
Minimum Bisection gns Kybudeckux rpados.

Pabora nomnep:kana rpapramu POOU Ne12-01-00090, Ne12-01-
00093 u Ne13-07-00070.

[1] Azees A. A., Keavmanos A. B., ITamxun A. B. TpyaaoperniaemocTs 3a-

JIa9M O pa3pe3e MaKCHMAJLHOTO BECa B €BKJIMJOBOM IIPOCTPAHCTBE //
Hoxkuaap! akagemun nayk, 2014. T. 456. Ne5. C. 511-513.
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NP-hardness of the Euclidean MAX-CUT problem
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of Mathematics

The problem in which given a complete edge-weighted undirected
graph whose vertices are the points of the g-dimensional space is
considered. It is required to find a cut of maximum total weight. Two
special cases are analyzed where the edge weights are equal () to the
Euclidean distances between points representing the vertices (Fu-
clidean Maz-Cut problem); and (i7) to the squares of these distances
(Quadratic Euclidean Maz-Cut problem).

The complexity status of these problem was unknown for decades.

Euclidean Max-Cut. Given a set X = {x1,...,2n5} of points
in R1. Find: a partition of the set X into two subsets Y and Z such
that 32,y > ez |y — 2| — max.

Quadratic Euclidean Max-Cut. Given a set X = {z1,...,zn}
of points in RY. Find: a partition of the set X into two subsets )
and Z such that 32, 3> cz |ly — z||? — max.

The considered variants are actual, in particular, in data analysis
and pattern recognition, in computer geometry, statistical physics, as-
trophysics, biology, design of VLSI (very-large-scale interration) and
communication networks, etc.

In [1], it was proved that both problems (i) are strongly NP-
hard; and (i) do not admit fully polynomial time approximation
schemes (FPTAS) unless P=NP. The proofs are similar and based on
polynomial-time reductions from the NP-hard Minimum Bisection
problem on cubic graphs.

This research is funded by RFBR, grants Nos. 12-01-00090, 12-
01-00093, and 13-07-00070.

[1] Ageev A.A., Kel'manov A. V., Pyatkin A.V. 2014. NP-hardness of the

Euclidean Max Cut problem. Dokl. Math. 456(5): 511-513.
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OntumanbHasn oueHka 6a30BOI XxapaKTEpPUCTUKU
HecTabu/IbHOCTN 4acTOTbl OCUUAIATOPOB
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Hosocubupck, Uncruryr nazepuoit pusuku CO PAH

OTrHocuTeibHAsT HECTAOUJIBHOCTD YaCTOThI COBPEMEHHBIX OITHIe-
CKUX OCITUJIJISTOPOB — KaHIUJIATOB Ha (DOPMUPOBAHUE ODIIEI TIIKAJTIBI
«gacToTa-BpeMs» — gocTuria 3uadenmit 1078, Do xagecTBo OIe-
HUBaeTcsd 6a30BOi XapaKTEPUCTUKON HECTAOMITLHOCTA BO BpeMeHHOIt
obaactn — creruanabHON aucnepeneit Astana (JIA). ducnepens As-
JIaHa IUPOKO UCIOJIB3YETCs U JIJIsT KJIACCH(DUKAIINA OCHOBHBIX TUIIOB
CTOXAaCTUIECKUX YACTOTHBIX M (PA30BBIX BO3MYIIEHU (DJIMKKEPHOTO
TUMA C HEMHTETPUPYEMBIMU CIIEKTPAJTBLHBIMU IIOTHOCTSIMHU MOTITHO-
ctu. C pocTOM KadecTBa CTaHJIAPTOB 9aCTOTHI PACTYT U TPEOOBAHUST K
HECMEIEHHOCTH, 3(PDEKTUBHOCTH U COCTOATENBHOCTH OIEHKU CaMOil
XapaKTEePUCTUKU HECTAOUILHOCTH. B oK1 e ornpeiesieHa NCTUHHAS
(meBBIGOpOYHAst) Jucepcus oneHKu JIA, aHAIM3UPYIOTCS MepeMeH-
HbIe, BJIUSIONAE HA TOYHOCTH ONEHKU JIA wu BwisgBisieTcst dhaxTop,
BHOCSTIINN OCHOBHOM BKJIAJ B JMCIEPCHUIO OIEHKM 0a30BOM XapakTe-
pucTuKu. DTUM (PAKTOPOM SIBJISIETCSI IUCIIEPCHUST OIEHKHU MaTeMaTHIe-
CKOT'O OYKHUJIAHUS IaCTOTHI Ha, (PUKCUPOBAHHOM MHTEPBAJIE BPEMEHN —
€JINHCTBEHHON BeJIMIMHbBI, BXO/sIIeil B onpeaenenue camoii /IA. Pac-
cMmarpuBas cucremy usmepenus JIA kak cucreMmy ¢ KOHEUHOM Mamsi-
TBHIO U WCIIOJIB3Ys paciiupeHne Teopun Bunepa, mogydeHHOe 3aje u
Parannunan, B 1oKjIa/ie IPUBOAATCA ONTUMAJBHBIE aJTOPUTMBI CIIa-
JKUBAHU$ YaCTOTHBIX (DIMKKEP-IIYMOB PA3JIUYIHBIX TUIIOB C yIETOM
KpaeBbiX 3 }EeKTOB Ha KOHIAX MHTEPBaJja U3MEPEHUil. DTU pesyib-
TAThl CPABHUBAIOTCS 110 TOYHOCTH (IUCIIEPCUU) U3MEDEHUil ¢ u3Mepe-
HUSIMU, TIOJTyIaeMbIMIA TPAJIATIMOHHON TEXHUKON — C TIOMOIIBIO JIEK-
TPOHHO-CYETHOTO YACTOTOMEpPA. B /10K1a/1e mpeiaraeTcs cxema mpe-
[U3UOHHON aBTOMaTUYECKON 00paboTKu JaHHBIX u3Mepenuii JIA Ha
ocHoBe dunbTparun KamMana i TpenusnoHHOIO OIpeeIeHIs Ha-
kJioHa /A u onpejiesieHusT TUIIOB CTOXACTUIECKUX BO3MYINEHUH U UX
UCTOYHUKOB KaK aJbTePHATHBA APYTrUM MeTojaM Kiaccudukanuu [1].
[1] Borisov B.D. Efficient estimation of generator instability

characteristics in the time domain // Optoelectronics, Instrumentation
and Data Processing, 2009. Vol. 45. Iss. 3. P. 282-284.

International Conference IIP-10. Crete, Greece, October 4-11, 2014



Computational Complexity and Optimization 73

Efficient estimation of main frequency instability
characteristic of oscillators

Borisov Borts borisov@laser.nsc.ru
Novosibirsk, Institute of Laser Physics SB RAS

The fractional frequency instability of modern optical standards — a
candidate to forming a total scale “frequency—time” is down to 10718,
This quality of a frequency standard of any bands is commonly esti-
mated by the main instability characteristics in the time domain —
special Allan variance (AV). The AV characteristics is also applied for
classification of flicker-types of frequency and phase fluctuations with
a nonintegrated spectral density. Achievements in improving modern
frequency standards, particularly, optical ones, require more statis-
tical accuracy in estimating AV itself and to identify other factors
which may influence the efficiency of the AV estimation. The main
factor of an inexactitude is a quality of averaging of frequency fluctu-
ations or the variance of the mean value of the fractional frequency
on a limited time interval. Because AV is typically a finite-memory
system, for improving statistical accuracy of its estimation , an ex-
tension of Wiener’s theory for finite-memory systems by Zadex and
Ragazzini is used. The general shape of windowing function of a finite
duration for optimal estimation of the mean value of frequency fluc-
tuations against different types of flicker noises was obtained. The
proposed estimations are compared to the conventional ones taken
with a frequency counter using the same averaging time for flicker-
type fluctuations. In report, automatic data processing on the basis
of Kalman filtration for precise definition of the AV slope is pro-
posed. The AV could be represented as a structural function of the
first order and as a moment of the second order of density function of
differences of mean values of frequency fluctuations. The dependence
of AV and these alternative frequency instability indexes are ascer-
tained in the time domain. Peculiarities of applying these frequency
instability indexes, their merits, and demerits were examined [1].
[1] Borisov B.D. 2009. Efficient estimation of generator instability char-
acteristics in the time domain. Optoelectronics, Instrumentation and
Data Processing. 45(3):282-284.
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MaTtemaTuyeckoe mogenvpoBaHne yHUBepcanbHOM
XapaKTEepPUCTUKN NOBOPOTHO-10NACTHOMN

rmapoTypbuHbl
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'Hogocubupck, Mucruryr maremaruku mm. C.JI. Cobomesa CO PAH
2Cospans, OAO «Tsxmar»

PaccmarpuBaercs 3aa4a 0 IIOCTPOEHNE YHUBEPCAJIBHOM XapaKTe-
PUCTHKY PabOvero KoJieca MOBOPOTHO-JIOMACTHONW TUAPOTYPOUHBI 110
pe3yJibraTaM SHEePreTHIeCKUX UCIIBITAHUI MOJETbHOM Ty POUHBL. Y HU-
BepcajbHas XapPaKTEPUCTUKA SBJISIETCS OCHOBHBIM JIOKYMEHTOM JIJIst
BBIOODA IIAPAMETPOB HATYDHOI I'MPaBINIecKOil TypOuHb! (1uamerp
pabouero KoJieca, 4acToOTa BPAIIEHUS U JIP.), ITO0BI 00ECIIednTh Hal-
6oJtee apdeKTUBHYIO paboTy TYpOUHBI IIPU BCEX PEKMMAX €€ IKC-
ILUTyaTaIul Ha KOHKPETHOW IuIpo3jieKTpocTanuu. Jlaercs omucanue
MaTEeMaTUIeCKOrO aIlapara, IPUMEHEHHOTO JJIs CO3AaHUs MaTeMa-
THYECKOI MOJIe/I yHUBEPCAJIHLHON XapaKTepuCTUuKu pabodero KoJre-
ca IMOBOPOTHO-JIONACTHON I'MAPOTYPOUHBI 110 PE3Y/IBTATAM CTEHIOBBIX
SHEPreTUIECKUX MCIBITAHUIT MOJEIbHON TypOuHbl. B OoCHOBe mpe/-
JIO2KEHHOT'O TTOJIXOJA JIEYKAT METOJBI AlIIPOKCAMAIMN MHOIOMEPHBIX
byHKIMI 10 Xa0THUIeCKA Pa30pPOCAHHBIM JAHHBIM, CO3IaHHBIE aBTO-
pamu myTeM Moamdukanuu u 06obmenns D™'-CIIafHOB W MYJIbT-
KBaJIpuKoB Xapau. [IpuBonurcs npruMep MOJAETHMPOBAHUS IO Peaib-
HBIM JIAHHBIM HA OCHOBE CO3JIAHHOIO KOMILJIEKCA IIPOTrPAMM.

Pabora nogmepxkana mporpammoii byHIaMEHTAIBHBIX UCCIIEI0Ba~
HUil cOBMeCTHBIX mHTerparunonubix npoekros CO PAH u YpO PAH,
poexT Ne32.

[1] Boaxos FO. C., Mupowmnuuenxo B.JI., Casuenxo A.E. Maremarude-

CKOE MOJIe/IUPOBaHie YHUBEPCAIbHOM XapaKTePUCTUKU TI0BOPOTHO-JIO-

MAcTHOW ruapoTypbunbl // Mammuuoe 0OydeHWe W aHAIM3 TAHHBIX,
2014 (B meuarn).
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Mathematical modeling of hill diagram for Kaplan
turbine
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The problem of constructing of a hill diagram for the Kaplan turbine
wheel on the power test results of the model turbine was consid-
ered. The hill diagram is the basic document for choice of full-scale
hydraulic turbine parameters (turbine wheel diameter, rotating fre-
quency, etc.) to ensure the most efficient operation of the turbine at all
modes of its operation in a particular hydropower station. A descrip-
tion of the mathematical formalism applied for mathematical model-
ing of the hill diagram of the Kaplan turbine on the power test results
of the model turbine. The basis of the proposed approach are the
approximation methods for multidimensional functions at scattered
data, The methods are based on modifications and generalizations of
D™-gplines and Hardy’s multiquadrics. An example of modeling for
real data on the basis of the program complex is given [1].

This research is funded by the Ural Branch and the Siberian
Branch of RAS, project 32.
[1] Volkov Yu.S., Miroshnichenko V.L., Salienko A.E. 2014 (in press).

Mathematical modeling of hill diagram for Kaplan turbine. Machine

Learning and Data Analysis.
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CroxacTtuyeckasa oHNnanH onTtunMmnsauyna B ciy4ae
TAXeENbIX XBOCTOB CTOXACTUYECKUX rpaamneHTos

Tacnuxoe Aaexcandp Baadumuposur' avgasnikov@gmail.com
Kpumosa Examepuna Anerxcandpoera’x krymova@phystech.edu

"Mocksa, MockoBcknit busnko-Texmuaeckuit mucturyT (I'Y)
*Mocksa, MucturyT npobiiem nepenatu undbopMarma
’

Paccemorpum 3amady cToxacTUdecKoil OHIANH ONTUMUABAIAN

N n
%ZE@ [fk (m;fk)] — min ; Sn(l):{x>0: inzl}
k=1 i=1

€S, (1)

TIPA CIIEJYTOTINX YCJIOBUAX: Fer [ fr (1’; & k)} — BBIIIYKJIBIE TI0 & (DPYHK-
[UW; CYIIECTBYET TAKO# BeKTOp V. fi (:z:; 13 k), qTO0

k k\]| =k—1Y —
Ber (Vo fr (2:€°) = VaEer [fi (z:67)]|27) =0,
rae ZFT1 — g-amreGpa, MOPOXKICHHAS CIIyYAHHBIMI BeJIMIMHAMI
€Y ..., €81 yemoBae TsXKeIBIX XBOCTOB TP IUCHTOR:

P [M72| Vo fu(z; €M) 2 t[EF ] =0 (), a>2
OHJIaifHOBOCTD TIOCTAHOBKHM 3aJad’ JOIYCKAeT, YTO Ha KarKJIOM IIa-
re k dyHKIUs fi, MOXKeT MOJOUPATHCS U3 PACCMATPUBAEMOTO KJIacca
dyHKIMI Bpaskae6HO 10 OTHOIIEHHUIO K METOJ/LY TeHEPAIUN TIOCIEI0-
parensHocTn {2¥}. Ilespio paboTHI ABJIAETCA PACTPOCTPAHEHNE OTle-
HOK METO/[a 3ePKAJBHOIO CIIyCKa Ha CJIy4ail TS2KEJBIX XBOCTOB: CY-
mecrsyer Takoe Cp, < 0, 970 ¢ BepoATHOCTBIO 1 — o [1]

> B [fi (e5:8")] = min 3 Ber [fi (a:6)] <

Sn(1
€Sy ( 1

N 1/
< CuM (Nlnn)1/2+<>
g

Pa6ora sbinosnena npu nojzep:kke PODU (rpanr 14-01-00722-
a); JIaboparopuu cTpyKTYpPHBIX METO/IOB AHAIN3a JAHHBIX B IPEJICKa-
sarenpHOM Mozesmposannn M®TU (rpant nupasurenscrsa PP, jo-
roesop 11.G34.31.0073); IIpesumenta P® (rpant NeMK-5285.2013.9).
[1] Tacruxos A. B., Hecmepos FO. E., Cnoxotinwd B. I. O6 sdbdexrusno-
CTH OJIHOT'O MeTO/a PAHIOMU3AIMI 3€PKAJIbHOIO CIIyCKa B 33J[a4aX OH-
aain ontuMusanun // ABromarmka u resemexaHuka. — M.: Hayka,
2014. 24 c.
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Consider a online stochastic optimization problem
1 Y n

.ok . _ . o
N};E@c [fr (2:€ )]—>xergir(11), Sn(l)—{x>0. ;wz—l}

under the following conditions: E¢x [ fr (w; 5’“)] are the convex func-
tions in z; there exists a vector V. fx (w; 51“) such that

Eg (fok (x;gk) — Vi Eek [fk (m,fk)] ‘ Ekfl) =0

where ZF~! is the o-algebra, generated by random variables
€, ..., €51 heavy tails condition:

Pew [M72|Vafu(z; €9))2, = t|EF 1] =0 (t7), a>2
The online framework implies that on each step k, the function f is
selected from the set of functions and in the worst case, the method
of function selection may hinder the method of sequence {xk} gen-
eration. The main goal is to obtain the bounds for mirror descent
method in the case of heavy tails: there exists C, < 0 such that with
probability 1 — o [1]

N

gE&’“ [fk (mk;fk)] — min ZEék [fk: (m,fk)]

z€S5, (1) =1

N 1/«
< CoM ((Nlnn)1/2 + () ) .
(o2

This research is funded by RFBR (grant 14-01-00722-a); Labo-
ratory for Structural Methods of Data Analysis in Predictive Mod-
eling, MIPT (RF Government grant, ag. 11.G34.31.0073); President
RF (grant MK-5285.2013.9).

[1] Gasnikov A., Nesterov Y., Spokoiny V.G. 2014. On effectiveness of a
randomized mirror descent method for the online optimization problem

solution. Automation and remote control. Moscow: Nauka. 24 p.
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06 acumnToTUYECKOW pa3pelnmMocTn 3agaun
M KOMMMUBOSI>XEPOB Ha CAy4alHbIX BXOAAX,
HeorpaHU4YeHHbIX CBepxy
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Hosocubupck, Tocynapcrsennbiit yausepcurer, UM CO PAH

Paccmarpupaercs cirenytoniasi 3aja4da m-Peripatetic Salesman
Problem (m-PSP), xoropasi siBisieTcsi eCTeCTBEHHBIM 0GOBIIEHIEM
KJIACCHYECKON 3aJIa9l KOMMUBOSI?KEDPA: B 3aJIAHHOM IIOJIHOM 7T-BEp-
munnoMm rpacde G = (V, E) ¢ Becopoit dyuxnumeit w; : £ — RV, i =
= 1,...,m, Tpebyerca HalTH M PeOEPHO-HECMEKHBIX TaMUJIBTOHO-
BBIX TMKJIOB Hy,...,H,, C F ¢ MUHUMAJbHBIM CyMMapHBIM BECOM
BXOJAIIAX B HUX pedep.

IIpeamnonaraercs, 9To pedpa raMUJIBTOHOBBIX ITUKJIOB UMEIOT Pa3-
HbIE BECOBbIE (DYHKIIUU, IPUIEM JJTUHBI pebep — CJIydaiiHble He3aBU-
CHUMBIE CJIydaiiHble BeJIUUNHBI C OJUHAKOBOI YyHKIME pacmpeese-
HUA B 00IACTH [y, 0], @y > 0 [1]. IIpencrasien npubianKeHHBIH aJr-
FOPUTM C BpeMeHHGH ctoxHocTbIo O(mn?), HOTyYeHbl OIEeHKH OTHO-
CUTEJIbHON TOYHOCTH U BEPOSTHOCTU HECpabATHIBAHUSA HA CJIYYaiHBIX
BXOJIaX, HEOIPAHUYEHHBIX CBEPXY, ¢ (DYHKIMEH pacipe/ieieHus, J10-
MUHHUPYIOMIEH IKCIOHEHIINAIBHOE PACIPEIEICHIE ¢ TTapaMeTPOM (3, .
B wacrHOCTH, TAaKMM pacHpeiesieHIeM sIBJISIETCsT YCeIeHHO-HOPMAJIb-
HOE pacIpejiesIeHue ¢ IapaMeTpoM Oy,.

IIpoBesieno 0GOCHOBaHME YCJIOBUN ACHMITOTHYECKOW TOYHOCTH
anropurMa B Buge 3/a, = O(n) m m < n'~? rme B pasno ogHomy
73 COOTBETCTBYIOIINX MapaMeTpoB [, mwmm o,; 0 < 6 < 1.

Pa6ora uactuuno noguepzkana rpaarom PODU (npoexr Ne12-01-
00093) u unrerparmonnsiM npoekrom CO PAH u YpO PAH Ne7B.

[1] Fumadu 3.X., Hemomun A. M., Puxos U. A., [udyaxo O.FO. Bepo-
SITHOCTHBIIl aHAJIU3 TIPUOJIUZKEHHOTO AJITOPUTMA JJIsl PEIICHUs 33,1491
HECKOJIbKUX KOMMHUBOSI?KEPOB Ha, CJTy9afHbIX BXOJIHBIX JAHHBIX, HEOTPa-
HuraeHHbIX cBepxy. Tpyasr UMM YpO PAH, 2014. T. 20. Ne2. C. 88-98.
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The m-Peripatetic Salesman Problem (m-PSP) is considered that is
a natural generalization of the classical travelling salesman problem
(TSP). Given a complete directed n-vertex graph G = (V, E) with
weight functions w; : £ — R%, i = 1,...,m, the problem is to
find m edge-disjoint Hamiltonian circuits Hy, ..., H,, C E, such that
minimize their total weight.

The case of the minimum-weight m-PSP on directed or undirected
graph with different weight functions of edges in Hamiltonian circuits
is considered when the entries of the distance matrix are some inde-
pendent identically distributed random variables with the values in
the range [an, 00, a, > 0 [1]. The authors construct an approxima-
tion algorithm with time complexity O(mn?) and obtain the perfor-
mance guarantees for the relative errors and the failure probabilities
for random instances with distribution functions that dominate the
exponential distribution with a parameter (,,. Truncated normal dis-
tribution with parameter o,, is one of the such distributions.

The conditions of asymptotic optimality of the algorithms are
established in the form 8/a, = O(n’) and m < n'~% where 3 is
equal to one of corresponding parameter 3, or o,; 0 <6 < 1.

The work partially supported by the RFBR (project No.12-01-
00093) and integration project SB RAS and UrB RAS No. 7B.

[1] Gimadi E.Kh., Istomin A. M., Rykov I. A., Tsidulko O. Yu. 2014. Prob-
abilistic analysis of an approximation algorithm for the m-peripatetic

salesman problem on random instances unbounded from above. Trudy
IMM UrO RAN 20(2):88-98. [In Russian.]
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Opna w3 337249 BbIOOPA IOAMHOXKECTBA, <ITOXOXKUX» DJIEMEHTOB
BO MHOYXKECTBE OOBEKTOB MOJIEJUPYETCS CJEIYIONEl IKCTPEMAaIbHON
zagadeit m-WCP (m-Weighted Clique Problem) [1]. Jaubt mosssit
HEOPUEHTUPOBAHHBIN B3BEIEHHBIN n-BepMHHBIN rpad G u HATY-
panbHbIe Yucaa m, Ly, ..., L,, Takue, 9TO Zzl:l Lj, < n. Tpebdbyercs
HafiTn ceMeficTBO M HECMEXKHBIX KJIMK 3aJaHHBIX pa3mepoB {Lj} ¢
MUHUMAJIBHBIM CYMMAaPHBIM BECOM BXOJISINNX B HUX BEPIIUH U pedep.

ITokazano, aro 3amgaga m-WCP NP-tpyana B cmibHOM CMBICTE,
Kak B OOIeM cjydae Tak W B 4acTHbIX ciydasx Metric m-WCP u
Quadratic Euclidean m-WCP. IIpubjmKeHHOe pellieHne 3aa49u 1m-
WCP crpoutcsi ¢ UCIIOJIb30BAHUEM TOYHOI'O PEIeHUs] BCIIOMOTATE b~
HOH 3aJla4d MTOWCKA 11 HECMEXKHBIX 3BE3J C MUHUMAJIBHBIM CYyMMAap-
HBIM BECOM BXOJAINIIX B HUX BEPIIUH U pebep, MoJIydaeMoe TPaHC-
HOPTHBIM ajropurmoM 3a BpeMsa O(n™+2logn). AnropurMe! perre-
uus 3a7a9 m-WCP umeroT Ty e TpyJI0eMKOCTb, TaK 9TO MPU KOH-
CTAHTHOM YHUCJIE UCKOMBIX KJIMK WX CTATYC ITOJTMHOMUAJIEH.

Ilokaszano, aro 3agada Metric m-WCP pemaercst ¢ orenkoit To4-

HOCTH 2(1 - 8B/ X LkS(B;)>, rae S(Bj) — cyMMapHBIii Bec
k=1 k=1

BepiuH u pebep B k-it 3Be311e BeriomMoraTe/ibHOU 3agaqn. s 3amaqan

Quadratic Euclidean m-WCP asropurm siBiasiercst 2-ipuO/InKeHHBIM.

JokazaHo, 9T0 B 00enx 3a/a9ax ONEHKH TOUYHOCTH JTOCTUKUAMBI.
Pabora mnomuepxkana rpantamu POOIU (upoexrsr NeNe 12-01-

00090, 12-01-00093, 13-07-00181), a rakxke IleseBoit mporpammoit

VpO PAH u CO PAH (NeNe 12-01-1017/1 u 7B).

[1] Tumadu 3. X., Keavmanos A. B., amrun A. B., Xauat M. FO. Dd-
(beKTI/IBHBIe AJI'OPUTMBI C OIIEHKaMU TOYHOCTHU JIJId HEKOTOPBIX 3a/a4
MTOMCKA HECKOJBKMUX KJINK B TIOJTHOM HEOpHEHTHpOBaHHOM rpade. Tpy-

as1 UMM YpO PAH. 2014, T. 20. Ne2. C. 99-112.
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One of the problems of finding a subset of similar elements in the
set of objects is described by the following extremal problem m-
WCP (m-Weighted Clique Problem) [1]. Given a complete undirected
weighted n-vertex graph G and natural numbers m, L1, ..., L,, such
that >°}" , Ly < n. To find a family of m disjoint cliques of given
orders {L} with minimal total weight of edges and vertices.

It is shown that the m-WCP is NP-hard in strong sense, in the
general case and in the special cases of Metric m-WCP and Quadratic
Euclidean m-WCP. An approximation algorithm for solving the m-
WCP is constructed using the exact solution of auxiliary problem of
finding a minimum-weight family of m disjoint stars of corresponding
orders L1, ..., L,,. This solution can be found by the transportation
algorithm in time O(n™*2logn). The proposed algorithms for the
problems m-WCP have the same time complexity and in the case of
constant number of searched cliques, their status is polynomial.

It is proved that for the Metric m-WCP, the approximation guar-

antee 2(1— > S(Bp)/ X LkS(BZ)) where S(B}) is the total weight
k=1 k=1

of the vertices and the edges in the ith star of the auxiliary problem,
i =1,...,m. For the Quadratic Euclidean m-WCP, the approxima-
tion ratio 2 is proved. It is shown that both approximation ratios are
attainable.

This research is funded by RFBR (grants 12-01-00090, 12-01-
00093, and 13-07-00181) and integration projects SB RAS and UrB
RAS (No.12-01-1017/1 and No. 7B).

[1] Gimadi E. Kh., Kel’'manov A.V., Pyatkin A.V., Khachay M.Y. 2014.

Efficient algorithms with performance guarantees for some problems

of finding several cliques in complete undirected graph. Tr. IMM UrO
RAN 20(2):99-112. [In Russian.]
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OTobparkeHust napanfenbHbiXx aJirOPMTMOB

Ha cynepkoMnbloTepbl 3k3ad/I0NCHOIA
NpPON3BOAUTENLHOCTU HA OCHOBE MMUTALLMOHHOIO
MOoAe/MpoBaHNS

T'nunexuti Bopuc Muxatiaosuywx gbm@sscc.ru
Mapuenxo Muxaua Aaexcarndposun marchenko@sscc.ru
Poduoroe Aaexceti Cepeeesuy alrod@sscc.ru
Kapasaes Imumputi Aaexceesuy kda@opg.sscc.ru
ITooxopvimos Imumputi Uezopesun d.podkorytov@gmail.com

Hosocubtupck, ®EI'YH MHCTUTYT BBIYUCIUTETHHON MaTeMaTHKN
n maremarndeckoit reobpunsnkn CO PAH

IIpobema wmccemoBaHmMs CBONCTB MACIITAOMPYEMOCTH ITapaJi-
JIEJIbHBIX aJIFOPUTMOB P UX peajiu3anuu Ha Oyayimx cynepdBM
9K3a(JIONCHONM TPOU3BOIUTEILHOCTH BBIXOIUT 38 YPOBEHB TEXHOJIO-
rudeckux 3ajgad. B pabore [1] mokas3aHO, UTO OIEHUTH MOBEJEHHE
AJITOPUTMOB, Pa3padOTATh MOIUMPUIIMPOBAHHBIE CXEMbl BHIYUCJICHUIA
MOXKHO y2K€ CefiJac IIyTeM PeaM3allii WX Ha MMHUTAIMOHHON MO-
nequ. B UBMuMI' CO PAH paspaborana cucrema MOJEIAPOBAHMS
AGNES, koropasi Obljia UCIIOJIB30BaHA JIJIT U3YYEHUsI BO3MOXKHOCTH
MacImTabupOBAHUS PACIIPEEIEHHOTO CTATUCTHIECKOTO MOJIEIUPOBa-
HUS W DPeIleHusl 33J]a9i IUCJAEHHOIO TPEXMEPHOIO MOJEIMPOBAHUS
pacIpoCTpaHeHns CEfICMIUYIECKNX BOJIH. PeajbHbIMU BBIUHUCICHUSIMEI
nokasano, 9to Mmeton Moute—Kapsio jumeiino pacrmapaJiiemBaeTcst
70 1000 BBIMUCIUTENBHBIX sjep. VIMUTAITMOHHBIM MOJCIUPOBAHUEM
HCCJIEIOBAHO TIOBeIeHne MeToia, 710 b X 105 anep. s apyroit 3apaxu
IMOKA3aHO XOPOIlee COOTBETCTBUE YKCIIEPUMEHTAIBHBIX U MOJIEIbHBIX
pe3yabTaToB 10 32 768 anep. Ha mmuranmonnoit Mofean yaaioch mo-
JyauTh pe3ysabrarsl st 1124864 anep. Pacders npoBommimmcs Ha
kitacrepax LIKII «Cubupckuii CynepKOMIIbIOTEPHBIHA 1IEHTD>.

Pabora nognep:xana rpantamu POOU NeNe 13-07-00589 u 14-07-
00832, 14-05-00867, MUII 130 CO PAH u IIporpammoit PAH 4.9.
[1] Tuncxua B. M., Mapuenwko M. A., Muzxatinenko B.I., Poduo-

nos A. C., Yepnwx H.TI., Kapasaes /. A., Ilooxopwmos /. 1., Bunc

/1. B. Orobpazkenusi mapauleJbHbIX aJFOPUTMOB Ha CyIEePKOMIILIOTE-

PBI 9K3a@JIONICHOI TTPOU3BOIMTEILHOCTH C PA3/IMIHBIMU APXUTEKTYPa-

MU Ha OCHOBE UMHUTAIMOHHOTO MojempoBanus // Vndopmanmonnbie

TEXHOJIOTHH ¥ BBIYHUCIUTENbHBIe cucTembl, 2013. Ned. C. 3-14.
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Mappings of parallel algorithms on supercomputers
with ekzaflops performance on the basis of simulation

Glinsky Borisx gbm@sscc.ru
Marchenko Mikhasil marchenko@sscc.ru
Rodionov Alexey alrod@sscc.ru
Karavaev Dmitry kda@opg.sscc.ru
Podkorytov Dmitry d.podkorytov@gmail.com

Novosibirsk, Institute of Computational Mathematics and Mathematical
Geophysics SB RAS

The problem of investigating the properties of scalability of paral-
lel algorithms for implementing them in future supercomputers with
ekzaflops performance goes beyond the level of technological prob-
lems. In [1], it is shown that it is possible to estimate the behavior of
algorithms and to develop the modified computation scheme by im-
plementing them on a simulation model. In ICMMG, the simulation
system AGNES was developed, which was used to study the scalabil-
ity of distributed statistical modeling and for solving the problem of
numerical three-dimensional modeling of seismic wave propagation.
Real calculations showed that the Monte-Carlo method is linearly
parallelized up to 1000 computing cores. The behavior of the method
was investigated with simulation up to 5x 105 cores. For another prob-
lem, it is shown a good compliance between experimental and model
results up to 32768 cores. On the simulation model, the results were
obtained for 1124 864 cores. The calculations were performed on the
clusters of CCU “Siberian Supercomputer Center.”

This research is funded by RFBR, grants 13-07-00589, 14-07-
00832, and 14-05-00867, IP 130 SB RAS, and Program of RAS 4.9.
[1] Glinsky B., Marchenko M., Mikhailenko B., Rodionov A., Chernykh I.,

Podkorytov D., Karavaev D., Weins D. 2013. Simulation modeling of

parallel algorithms for different architectures of exaflops supercomput-

ers. Information Technologies and Computing Systems 4:3—14.
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BbluncnutenbHas TexHonorms oueHkn cTeneHu
BbINYK/AOCTU MHOMO3KCTPeMasibHo pyHKLMN

TI'opros Aanexcardp IOpvesuywx gornov@icc.ru
3apodniok Tamwvsarna Cepzeesra tz@icc.ru

Upkyrck, NacTuTyT nuaaMuku cucrem u teopun ynpasiaenus CO PAH

Saaun ONTUMU3AIMY €CTECTBEHHO BO3HUKAIOT IIPU IIPUMEHEHUN
MEeTOIa MATEMATHYECKOTrO MOJIEIUPOBAHUS. YCIEX MOJIEJMPOBAHUS
CaMbIM CEPbE3HBIM 00PA30M 3aBUCUT OT TOIO, HACKOJIBLKO YIAYHO yia-
JIoch cOPMUPOBATH AJIEKBATHYIO MOJE/Ib U, B IIEPBYIO OYepellb, OT
BBIIYKJIOCTU WJIU HEBBIILYKJIOCTH TPHUBJIEYeHHbIX (yHKImiA. MoxHO
YTBEPKIATH, YTO KJACC BBIMYKJIBIX (DYHKIIUN HEILJIOXO OCBOEH MaTe-
MaTudecku. OQHAKO CUTyallusl CaMbIM CYIIECTBEHHBIM 00OPa3oM Me-
HSI€TCsI IIPH PACCMOTPEHUN HEBBIILYKJIBIX 3a/1a4.

B pabore npemjaraercs MeToauKa ONpeJIeIeHIs CTEITeHN BbIITyK-
JiocTu (DYHKIMY, OCHOBAHHAS HA €€ CTOXAaCTUIECKON AIlllIPOKCUMAITN
Ha Bceil ncciemyeMoit obactu. OCHOBHON maeeil MOAXOma ABJISIETCS
MOTOYETHOE MCCJIEIOBAHNAE BBIMTYKJIOCTH (DYHKIUN [0 CJIYIalHO BbI-
OpaHHBIM HAIIPABJIEHUSIM U CUCTEMAaTU3AIMS [T0JIy4YeHHOH mHpOopMa-
[UU C TEJIBI0 MOJIyYeHUs UHTErPAJIbHOI OIEHKU BBIMYKJIOCTH. -
EKTUBHOCTD IIPE/IJIOZKEHHO TEXHOJIOTUN JIEMOHCTPUPYETCsT Ha, Psize
MOJIEJIbHBIX IIPUMEPOB HEOOJIBINX PA3MEPHOCTEN, JJisi KOTOPBIX 10~
CTPOEHBI U BU3YAJU3UPOBAHBI 00JIACTH BBITYKJIOCTH (DYHKITHIA.

C npuMeHeHHEM IIpejJlaraeéMoii BBIYMCIUTE]bHON TEXHOJIOIUU
BO3MOZKHO ITPOU3BOJIUTE CEJIEKIIUIO UCIIOJIb3YEMbIX IIPU MOJIEIUPOBa-
HUM (DYHKIMOHAJBHBIX 3aBUCHUMOCTEN C IeJIbI0 BbIOOpa OoJiee y100-
HBIX JIJI TOCJIEYIOIIEro ONTUMHUBAIMOHHOIO aHajm3a. Paborocmo-
CODHOCTD IIPEJIOYKEHHOIO IOIX0a UCC/IeIOBAaHa HA PAJIE TeCTOBLIX
U MOJIEIbHBIX 3a1a4. [lojlydeHHble Pe3yabTaThl YNCAEHHBIX SKCIIEPHU-
MEHTOB II03BOJISIIOT HAJIEATHCA HA CO3J@HME HOBOI'O BBIYMCJIUTE/IBHO-
0 MHCTPYMEHTA, IIOJIE3HOTO IIPU PEIIEHUN ITPAKTHYECKUX 3334 U3
Pa3IMYHBbIX HAyYHO-TEXHUUECKHUX obsacreit [1].

Pabora mommepxkana rparrom PO Ne12-07-33021 u unrerpa-
nmonubiM poekrom CO PAH Ne 81.

[1] T'opros A. FO., 3apodwniox T. C. BerauciaurenbHas TEXHOJIOIUS OLEHKA

CTENEHN BBIYKJIOCTH MHOIOSKCTpeMaJsibHoN dyukuun // MammnHoe

obydeHne u ananus gaHublx, 2014 (B meuarn).
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Computing technology for estimation of convexity
degree of the multiextremal function

Gornov Alexanderx gornov@icc.ru
Zarodnyuk Tatiana tz@icc.ru
Irkutsk, Institute for System Dynamics and Control Theory of SB RAS

Optimization problems arise in the application of mathematical mod-
eling method. Advance in applying of mathematical modeling de-
pends on how successfully the researcher can construct a valid model
and, primarily, on the convexity or nonconvexity of the involved func-
tions. It can be argued that the class of convex functions mathemat-
ically well studied. However, the situation greatly changed in case of
nonconvex problems.

This paper proposes a technique of determining the degree of the
function convexity, based on its stochastic approximation for the con-
siderable area. The main idea of the approach is the pointwise study
of the function convexity on the stochastic selected areas and sys-
tematization of this information to obtain an integrated estimate of
convexity. The effectiveness of the proposed technology is demon-
strated on a number of model examples of small dimensions which
are constructed and convexity area are visualized.

The selection of functional, used in the mathematical modeling
can be produced in order to choose more convenient for optimiza-
tion analysis with the application of the proposed computing tech-
nology. This technique allows to demonstrate “the areas of convexity-
nonconvexity” for the problems of small dimensions. The algorithm
can be easily parallelized. The efficiency of the considered approach
is investigated on a number of test and model problems. The ob-
tained numerical results allow to expect for the creation of a new
computational software useful in solving practical problems in vari-
ous scientific and technical fields [1].

This research is funded by RFBR, grant 12-07-33021, and inte-
gration project of SB RAS N 81.

[1] Gornov A., Zarodnyuk T. 2014 (in press). Computing technology for
estimation of convexity degree of the multiextremal function. Machine

Learning and Data Analysis.
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BbluncnurtenbHas CNOXXHOCTb MUHUMMU3AUUN
OyneBbix pyHKUMNI B KNacce cxem rnyouHbl 2

Hoguna T'aauna Baadumuposna giofina@mail.ru

Maxcumos FOputi Baadumuposun'?

* yury.maximov@phystech.edu
"Mocksa, MockoBcknit busuko-Texunaeckuii uucturyr (MOTH)

2Mocksa, MHcTuTyT Hpobiem mepemaun uadopMaman PAH

Sagaua MuHUMH3ANAN OysieBbIX (DYHKIUI B PA3IMIHBIX KJIAC-
Cax CXeM $BJISEeTCs JOCTATOYHO XOPOIIIO HCCJIEIOBAHHOI IIOJIN-3KCTPe-
MaJIbHOM 3a/1a4ell KOMOMHATOPHOW ONTUMU3AIUU. B 3aBUCUMOCTH OT
criocoba 3ajlanns (DyHKINN yKa3aHHAS 33/1a9a MOXKET JIeXKaTh B pas3-
JIMYHBIX CJIOXKHOCTHBIX KJaccax (HalnpuMep, 3a7ada MUHUMU3AIUU
OysteBoit (PYHKINN B KJacce cxeM (PUKCHUPOBAHHON TJIyOMHBI MOXKET
ObiTh Kak NP-1ostHO#, Tak n Y5—1omHoit npobiemoii).

VauThiBasi CJIOXKHOCTHBIE XapPaKTEPUCTUKK IIPODJIEMBI, OJIHUM W3
HanboJiee MOIYJISPHBIX HAIPABJIEHUN WCCJIEIOBAHUS B JIAHHON 00-
JIACTHU SBJISIETC 3aJ[a9a MOUCKA IOJUHOMHUAJIBHO PA3PEIINMbIX CJIy-
qaeB. K 4wmciay Takmx ciiydaeB, B YACTHOCTH, OTHOCSTCS 3349 C
AIPUOPHBIMK OrPAHUYEHUsAME HA GasiaHc HyJell u exauHul (cM. pabo-
o1 FO. U. 2Kypasaesa, A.T. Ipsikonosa, A. F0. Korana u ap.), mbo
C OrpaHMYEeHUEM Ha CTPYKTYPY (DYHKIMH, TAKUMU KaK, HAIIPUMED,
naymaue Horn property (em. patorsr E. Boros u ap.).

B nacrositiem moktasie OyayT pacCMOTPEHBI TPAHUITBI BO3MOXKHO-
cTell MOJIMHOMUAJIBHBIX METOJIOB [IJIsi TOCTPOEHUS TPUOJIMKEHHBIX K
MUHAMAJIbHBIM OYJIEBBIX CXe€M Peasn3yIomuX (PYHKINNA C alPHOPHBI-
MU OIPAHUYEHUsIMU, B paMKax JIOKJa/1a Oy/erT MpeCTaBeH B3IJIs
Ha npobsiemy munnMuzanyy JIH® crenuanbabix hyHKIUN, H3/102KEH-
HyI0 B [1] ¢ ToUuKu 3peHus “KJIacCHUecKOil” T€OpUN CJIIOKHOCTH.

WccnenoBanme BBITOSHEHO TIpU PUHAHCOBOI mojmep:kke PODU
B paMKax Hay4HbIX IpoeKToB N 14-07-31241 mon_a u Ne14-07-31277
MOJI__a; a TakKe JlabopaTopnu CTPYKTYPHBIX METOJIOB aHAJIN3a, JIAH-
HBIX B IpejckazarejbHoM MojenunpoBannn OPYIIM MOTU, rpant
npasurenbcTBa PO mor. 11.G34.31.0073.

[1] Mazimov Yu. V. Implementation of Boolean functions with a bounded
number of zeros by disjunctive normal forms // Comput. Math. Math.
Phys., 2013. Vol. 53. Iss. 9. P. 1391-1409. http://1link.springer.com/
article/10.1134/5096554251309008X.
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2Moscow, Institute for Information Transmission Problems RAS

Boolean circuit minimization problem is a well-studied combinatorial
optimization problems to attain local minima in a waste amount of
points. Its computational complexity status depends on the input. For
instance, DNF (didjunctive normal form) minimization could be NP-
complete if the function is defined by its trust table or ¥5-complete
if the function is defined by a DNF.

Exploration of the various polynomial solvable cases of the prob-
lem above is an attractive area of research due to the complexity
status of the problem. A number of them were sorted out before
(“unbalanced” functions, Horn functions). Nevertheless, a lot of im-
portant issues are still uncovered.

Within the report, another point of view on the results, briefly
described in [1], will be provided. Namely, lower bounds on approxi-
mation rate will be derived for the class of polynomial algorithms for
the problem of finding minimal fix-depth circuit of functions attain-
ing the value 0 in a fix (but dimension-dependent) number of points.
The present authors’ results rely on exponential time hypothesis, in-
troduced by D. Lokshtanov et al.

The reported study was partially supported by RFBR, research
projects 14-07-31241 mol_a and 14-07-31277 mol.a and by Labora-
tory for Structural Methods of Data Analysis in Predictive Modeling,
MIPT, RF government grant, ag. 11.G34.31.0073.

[1] Maximov Yu.V. 2013. Implementation of Boolean functions with a
bounded number of zeros by disjunctive normal forms. Comp. Math.
Math. Phys. 53(9):1391-1409. http://link.springer.com/article/
10.1134/5096554251309008X.
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BbicTpble anropuTtmsbl. lNpegcraBneHne npoekra.

Kapauyba Examepuna Anamoavesna' ekar@ccas.ru

'Mockga, Boraucaurensusiit entp mM. A. A. Jopoguursma PAH

[enbio mpoekTa sSBJSETCS PA3BUTHE TEOPUM OBICTPBIX BBIYUCIIE-
HUil 1 uccnegoBanne 3(pEHEKTUBHOCTA BHEAPEHUS PA3IUIHBIX OBICT-
PBIX METOZIOB M aJropuTMoB (1] mist ux manmbHEHIIEro pesyIbTaThB-
HOT'O MCIIOJIb30BAaHMS B IIPOIPAMMHOM OOECIIEYEHUN BBICOKOIIPOU3BO-
JIUTEJIbHBIX BBIYUCIUTEIBHBIX CUCTEM.

Buenpernne OBICTPBIX AJTOPUTMOB B IPOrpaMMHOE ¥ ammapar-
HOe obecriedeHrne B HOBBIX MOJIEJISIX IPOIECCOPOB, a TaKyKe B Ta-
KIHe IakeThl mporpaMm, kak Maple, Mathematica, Matlab, Arithmos
U JIp., HOKAa3aJd, YTO ITU aJrOPUTMbI OOECIIEINBAIOT HAJICXKHBIE,
BBICOKOTOYHBIC BBIYHCJICHUA U I[IOTOMY HAYMHAIOT HUCIIOJIH30BATh-
cs KOMIBIOTEPHBIMU upMaMu B OoJibiieM obbeme. OmgHAKO cuc-
TeMaTH9IeCKOe TECTUPOBaHUE OBICTPBIX AJITOPUTMOB, WX CPABHEHUE
MeXKJy CO0Of M ¢ OOBIYHBIMA METOJAME ¥ AJTOPUTMAMU, UCCIIe-
noBanus 3OMEKTUBHOCTA WX BHEJPEHHS JI0 TOTO He MPOBOJHIJINCH.
BricTphIe aJIropuTMbl BBIYUCIEHNs] TPAHCIIEHIEHTHBIX (DYHKIWH (CM.
http://www.ccas.ru/personal/karatsuba/alg.htm) BooGie Hukorma He
TECTUPOBAJIUCH U HEe CPABHUBAJIUCE.

[Ipeanosaraercst mapaJuTeIbHO HECKOJIBKO HATIPABJICHUN TPOEKTA:

1. Onucanne Bcex CyIIECTBYIOIIUX OBICTPBIX aJOPUTMOB.
CpaBHeHEe CyIIeCTBYOIMMX OBICTPHIX AJITOPUTMOB JIJIsl OTAETHHO-
IO BBIYUCJIEHUS IIyTeM TECTUPOBAHUsI OCHOBAHHBIX HA ITUX AJITO-
purmax nporpamm. Ilo pesysibraram paboThI cO37aHUAe €IUHOTO
cripaBoYHUKA dPDPEKTUBHOCTH pabOTHI BCEX OBICTPBIX AJTOPUT-
MOB.

3. YcoBepllleHCTBOBaHIE TPOIPAMM, OCHOBAHHBIX Ha OBICTPBIX aJIro-
puTMax, JJjis PACHIUPEHUs IIPEIEJIOB UX TPUMEHUMOCTH.

4. Ysenuuenue 3GdeKTUBHOCTH PabOTHI CYMIECTBYIOMNUX OBICTPHIX
aJITOPUTMOB, B TOM YHCJIE IIyTeM WX pacrapaJsuiesanBanus. [lomy-
YeHNe HOBBIX PEKOP/IOB B BBIYUCJIEHUX.

5. TlocTpoerre HOBBIX OBICTPBIX AJTOPUTMOB BHIYUC/IEHUI IITHPOKOTO
KJIaCCa.

[1] Kapayyba E. A. O6 ogOM MeTOzE GBICTPOrO NPUOINKEHNS! J36Ta~-KOH-

CTaHT paIMOHAJBLHBIMU pobavu // TIpobmembr mepenadn uadopMa-
mum, 2014. T. 50. Ne 2. C. 186-202.
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Fast algorithms. Project presentation
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'Moscow, Dorodnicyn Computing Center of RAS

The aim of the project is the development of the theory of fast com-
putations and the study of the effectiveness of implementation of
various fast methods and algorithms [1] for their further effective use
in the software of high-performance computing systems.

Implementation of fast algorithms in the software and hardware
of new models of processors as well as software packages such as
Maple, Mathematica, Matlab, Arithmos, and others demonstrated
that these algorithms provide reliable, high-precision calculations
and, therefore, modern computer firms begin to use them more of-
ten than before. However, systematic testing of fast algorithms and
their comparison in the efficiency and also, the comparison of fast
algorithms with ordinary methods and algorithms have never been
conducted. Fast algorithms for evaluation of transcendental func-
tions (see http:www.ccas.ru/personal/karatsuba/alg.htm) have never
been tested and compared at all.

The project is assumed to have some parallel directions:

1. A description of all existing fast algorithms.

2. The comparison of existing fast algorithms for computing a func-
tion by testing the corresponding programs. As a result, the cre-
ation of a guide in the performance of all fast algorithms.

3. The improvement of the programs based on fast algorithms to
expand the limits of applicability of fast algorithms.

4. The increasingof efficiency for existing fast algorithms, including
via their parallelization. Preparation of new records in the high
precision calculations.

5. The construction of new fast algorithm for computations of wide
class functions.

[1] Karatsuba E. 2014. On one method for fast approximation of zeta

constants by rational fractions. Problems of Information Transmission
50(2):186—202.
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MonnHomuansHble aJropuTMmbl C rapaHTUpoBaHHbIMU
OUEeHKaMMn TOYHHOCTU AN HEKOTOPbLIX 3a4a4Y daHA/IN3a
n pacno3HaBaHusA I'IOCJ'Iep,OBaTeﬂbHOCTeVI

1,2

Keavmarnos Aaexcandp Bacuavesun kelm@math.nsc.ru

'Hosocubupck, Mucruryr maremaruku um. C.JI. Cobomesa CO PAH
2Hopocubupck, HOBOCHGHPCKIiA TOCYIaPCTBEHHDIH YHIBEPCHTET

PaccmarpuBatorcst 3aja9m JUCKPETHOW ONTUMU3AINH, KOTOPHIE
UHJYIUPYIOTCsI, B YACTHOCTH, MPOOJIEMAaMU AHAJIU3a W PaCIO3HA-
BaHMs TocyaenoBarenbHocTelt. Llenp mokmama — 0630p HOBBIX U
HEJIABHUX DPe3yJIbTaroB (IIOJydYeHHBIX B VIHCTHTYyTEe MaTeMaTUKU
nm. C.JI. Cobonesa CO PAH) mo mcciemoBaHuio BBIMHCIATEIHHON
CJIOXKHOCTH ITHX 3aJ1a U ODOCHOBAHUIO MOJMHOMUABHBIX AJITOPUT-
MOB C TapaHTHPOBAHHBIMH OIEHKAMH TOYHOCTHU JIJIsl PENIEHUs] STUX
3ajiad. PaccMarpruBaeMble 3a/1a1 UMEIOT MIPIJIOYKEHNUST B TEOPUU TIPHU-
OJIMZKEHNs, KOMIBIOTEPHONW IE€OMETPHH, MATeMATHYECKON CTATUCTH-
ke. OHU aKTyaJbHBI B IMHPOKOM CIIEKTPE MPUKJIQIHBIX Tpobem. Ha-
[puMep, OHU BOZHUKAIOT B MEJIUIIMHCKON U TEXHUIECKOU JTMATHOCTH-
Ke, GOMeTPUKE, 9JIEKTPOHHON pasBesike, KOCMUIECKOM MOHUTOPUHTE,
JINCTAHIIMOHHOM 30HIUpoBaHmu 3eMiin 1 Muposoro okeaHna, B 06pa-
6OTKE IKCIIEPUMEHTABHBIX JaHHBIX U T.1. CymHOCTH mpobsemM co-
CTOUT B MOHMCKe MHMOPMAIMOHHO 3HAYUMBIX ITOJIMHOYKECTB U IIO/IIIO-
CJIe/IOBATEJILHOCTEN B 3AIIyMJIEHHBIX MACCUBAX JIAHHDBIX, B pa30MeHNN
9TUX JIAHHBIX HA [TOJIMHOYKECTBA U IIOJITOCIE0BATEIHHOCTH, B TIPH-
HSITUM PellieHnst 06 06beKTax, IOPOKIAIONINX ITU JIAHHBIE.

OcHOBHBIE PE3YJIBTATHI COCTOSAT B CJEIYIONEM. BBIIO M3yUIeHO
HECKOJIbKO HOBBIX (paHee He M3yYEHHBIX), HU3BECTHBIX (HO ciabo
U3YyYEHHBIX) U OTKPBITHIX 11pobsem. Kpome Toro, uccsieqoBanbl HEKO-
TOpBIe ODOOINEHNUST U CHENUAIbHBIE CIydan KJIACCHIeCKUX 3a/1a9 pa3-
OueHMsI, a TaKXKe MOUCKA BEKTOPHBIX MOIMHOXKECTB U IIOJIOCIIEN0-
BaTeJbHOCTEl B €BKJIMI0BOM TpocTpaHcTse. Haiinens: NP-Tpyaabie
U HOJIMHOMUAJIBHO Pa3peNIuMble CIydan ITUX 3a7ad (U COOTBETCTBY-
IOIIUX UM [IPOGJIEM aHAJM3a, JAHHBIX U PACIIO3HABaHUs 00pa30B). st
WX DEIeHUs] TIPEJJIO’KEHbI TOYHbIE MOJIMHOMUAJIHLHBIE U TICEBIIOTIOH-
HOMUAJIBHBIE aJI'OPUTMBbI, a TaK2Ke IIOJIMHOMHAJIbHbIC aJI'OPUTMBI C
rapaHTHUPOBAHHBIME OIEHKAMHU TOYHOCTH.

Pabora nmommep:xana rpantamMmu PO Ne12-01-00090 u Ne 13-07-
00070.
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This report is on some discrete optimization problems induced by
actual issues, in particular, in analysis and recognition of sequences.
The purpose of the report is to overview new and recent results (ob-
tained in Sobolev Institute of Mathematics) on studying computa-
tional complexity of these problems and on substantiating polynomial
algorithms with performance guarantees for solving these problems.
The considered problems have applications in approximation theory,
computational geometry, and statistics. These problems are also im-
portant in a wide range of applications. For example, they arise in the
medical and technical diagnostics, biometrics, electronic intelligence,
in the aerospace monitoring, remote sensing of Earth and Ocean, in
the criminal science and experimental data processing, and so on. The
essence of these problems is to find some informationally important
subsets and subsequences in the given noisy data arrays, to partition
these data into subsets and subsequences, and to make a decision
about objects generating these data.

The main results are of the following sort. Some new (previously
unstudied), known (weakly studied), and open problems were investi-
gated. Furthermore, some generalizations and special cases of classical
partitioning problems and also some problems of searching for vectors
subsets and subsequences in Euclidean space were studied. NP-hard
and polynomial solvable cases of these discrete optimization problems
are found. Exact polynomial and pseudopolynomial algorithms and
also efficient approximation algorithms with performance guarantees
for these problems are designed.

This research is funded by RFBR, grants 12-01-00090 and 13-07-
00070.
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Mpuban>KeHHbIN NOIMHOMMANBHBIA a/IFOPUTM
ANA oAHOI 3agayvun pa3dbreHus nocnenoBaTeNbHOCTYU

Keavmaros Anexcandp Bacuavesun'? kelm@math.nsc.ru
Xamudyarun Cepeeti Aczadyrosur' kham@math.nsc.ru
'Hosocubupck, Mucruryr maremaruku um. C.JI. Cobomesa CO PAH
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Paccmarpusaercs cieayromasi NP-rpyaasi B cusibHOM cMbicae [1]

Bamaya 1-MSSC-S-NF. Jlano: nocaedosamensvrocms ) =
= (y1,-.-,Yy) 8exmopos u3 R, namypasvrove wucaa Tmin U Tax-
Hatimu: nodmmnoocecmeo M = {ny,...,np} CN ={1,...,N} no-
MEPOB INEMEHMOE NOCACIOBAMEALHOCTIY Y MaKoe, Ymo

Solly, —gMIP+ Y lly)l? — min,

JEM iEN\M
ede y(M) = (1/|M]) 32 c aq Yir npu 02parurenuss
1 ngin < N — Nip—1 gﬂnax gN; m:2,...,M,

Ha aaemermo, Habopa M.

Sajiaua MOJEIUPYeT aKTyaJbHYIO IPo0JIeMy IIOMEX0YCTORYNBOIO
aHAJIM3a CATHAJIOB U 3aKJIIOYAeTCd B pa3bMeHNN KOHEYHOH I0CJIeI0-
BATEJIbHOCTH BEKTOPOB €BKJIMIOBA IIPOCTPAHCTBA Ha, ABa, KJIACTEPa 110
KPUTEPUIO0 MUHUMYMa CYyMMbBI KBaJIPATOB PACCTOSHUI OT 3JIEMEHTOB
KJIACTEPOB JI0 WX MEeHTPOB. LleHTp mepBoro Kaacrepa sBJISETCS ONTH-
MU3UPYEMON BEJIMYNHON M OIpEIeIseTcss KaK CpeaHee 3HAUECHUE 110
BCEM BEKTOpPaM, 00pa3yoIuM 3ToT Kjacrep. LleHTp Broporo Kjacre-
pa ¢pukcupoBaH B Hadaje KoopauHat. IIpemioxken 2-mpubnKeHHbIiT
[OJINHOMUAJTHHBIN aJIPOPUTM PENIeHus 33/1a9u. AJITOPUTM pean3yer
CXEMY TUHAMUOYIECKOTO MPOIPAMMUPOBAHNS U BBHITIOTHSIETCS 38 BPEMSI
O(N2 (Tmax — Tmin + Q)) [MockombKy Timax — Tmin < IV, €ro Tpymo-
eMKoCTh MOyKHO onennTb Kak O(N2(N + q)) B obmem ciyuae, Korja
Tmax 7 Tiin, 1 kKax O(N2q) B ciyuae Tnax = Thnin-

Pabora nmommep:xana rpantamMmu PO Ne12-01-00090 u Ne 13-07-
00070.

[1] Keavmarnos A. B., Xamudyasun C. A. IIpubinrKeHHBIH OJIMHOMUAID-
HBII AJITOPUTM JjIsi OJHOU 3aJa9i OUKJIACTEPU3AIMH MOCTIEI0BATEb-
nocru // ZKypH. BBrMmCA. MaremaTukn u Mar. dhusukm, 2014 (B me-
JaTh).
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It is considered the following strongly NP-hard [1]

Problem 1-MSSC-S-NF. Given a sequence Y = (yq,-.-,Yn)
of vectors from R?, and some positive integer numbers Ty and Tiax-
Find a subset M = {ny,...,np} CN ={1,...,N} such that

Sy~ M+ Y gl — min,

JEM 1EN\M
where Y(M) = (1/|IM]) >, c g Yi» under constraints
]‘ < ﬂllin < nm - nm—l g Tnlax g N? m = 2’ MR M’

on the elements of M.

The considered problem is actual, in particular, in the noise-proof
analysis of signals.

The problem is to find a partition of a given Euclidean vectors
sequence into two clusters minimizing the sum of squared distances
from the clusters elements to their centers. The center of the first
cluster is defined as the mean values of all vectors in a cluster. The
center of the second cluster is given in advance and is equal to 0.

In this work, a 2-approximation efficient algorithm is presented.
This algorithm implements a dynamic programming scheme and runs
in time O(N?(Tiax — Twmin + q)) where Tiyax — Tmin < N. Therefore,
algorithm is polynomial and it finds the solution in O(N?(N + q))
time in the general case when Tiax # Tmin and in O(gN?) time in
the special case when T = Tiax-

This research is funded by RFBR, grants 12-01-00090 and 13-07-
00070.

[1] Kel'manov A., Khamidullin S. 2014 (in press). An efficient approxima-
tion algorithm for a sequence bi-partitioning problem. Zh. Vychisl. Mat.

Mat. Fiz. [Comput. Math. Math. Phys.].

Mesxgynapognas kougepernus MOW-10. I'penusi, o. Kpurt, 4-11 okrsabpst 2014 r.



94 CJI0XKHOCTD BBIYMCJIEHUI U ONTUMU3ALMASA

TouHbIVi NceBAONONANHOMMUANbLHbIV aNrOpPUTM
AN OA4HOI 3aj4ayvun gByXKAacTepHoro pasbueHus
MHO>XeCTBa BEKTOPOB
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B noknane paccmarpuBaetcs cieayrorias NP-Tpyaaas B cuibHOM
CMBICJIE

Bagaga 1-MSSC-F. [fano: mmoocecmeo Y = {y1,...,yn} 6ex-
mopos u3 R? u namypasvroe wucao M. Hatimu: pasbuernue mroorce-
cmea Y na dsa kaacmepa C u Y \ C maxoe, wmo

Sly=g©OI7+ Y llyll* — min,

yeC yeY\C

20e Y(C) = ﬁ >y — uewmp xaacmepa C, npu ozparuvenuy |C| =
yec
=M.

PaccmarpuBaemasi 3aja49a akTyaJbHa, B 9aCTHOCTH, B AHAJIU3E
JIAHHBIX U PACIO3HABAHUM 00PA30B, KOMIILIOTEPHON TeOMeTpHUH, Ma-
TEMATHIECKOI CTATUCTHKE, OMOMETPUKE W JIP.

I[Tokazano, 9To 3a1a49a paspermuma 3a spemsa O(q? N29), mommmo-
MHAJIbHOE TIPU (PUKCUPOBAHHON pa3MEepHOCTH ¢ TpocTpaHcTBa. Jls
TOJICITY Iasi ITOrO Ciryuast (KOrIa KOMIIOHEHTHI BEKTOPOB TI€JI0UNCIIeH-
HbI) 0OOCHOBAH TOYHBIA IICEBIONOMHOMUAILHBIA AJrOPUTM C Bpe-
MeHHOGH ciokHocThi0O O(N(M D)%), tne D — MakcuMasbHOe abco-
JIIOTHOE 3HAYEHNE KOOPJMHAT BEKTOPOB BXOJHOIO MHOXKECTBA; AJITO-
put™ 3bdeKTuBHEE U3BECTHOTO MOJUHOMHUAIBHOTO AJTOPUTMa IPH
MD < N?71/a[1].

Pabora nomep:xana rpantamMmu PO®U Ne 12-01-00090 u Ne 13-07-
00070.

[1] Keavmaros A. B., Xandees B. H. TouHbLil IICEBOIOJINHOMUAIBHBILI aJl-

TOPUTM JIJIsI OJTHOM 3aJa4uM JIBYXKJACTEPHOTO pa30UeHMsI MHOXKECTBa

BeKTOpOB // Jluckper. ananu3 u ucciuen. omnepanuit, 2014. T. 21. Ne6.
C. 3-13.
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In this paper, it is considered the following strongly NP-hard

Problem 1-MSSC-F. Given a set Y = {y1,...,yn} of vectors
from R? and a positive integer number M. Find a partition of Y into
clusters C and Y \ C such that

Sly-7@ 1P+ 3 [lyl* - min

yeC yeY\C

where Y(C) = (1/|C]) >_ y is the center of cluster C, under constrain
yeC
IC| =M.

The considered problem is actual, in particular, in data analysis
and pattern recognition, computer geometry, mathematical statistics,
biometrics, etc.

It is shown that the problem is solvable in O(q? N2?) time. Then,
the problem is polynomially solvable if dimension g of space is fixed.

In addition, a pseudopolynomial algorithm, which finds an opti-
mal solution in the case of integer values of the components of the
vectors in the input set and fixed space dimension is presented. The
running time of the algorithm is O(¢N(2M D + 1)?) where D is the
maximum absolute coordinate value of the vectors in the input set [1].

This research is funded by RFBR, grants 12-01-00090 and 13-07-
00070.

[1] Kel'manov A.V., Khandeev V.I. 2014. An exact pseudopolynomial al-
gorithm for a vectors set bi-partitioning problem. Diskret. Anal. Issled.

Oper. 21(6):3-13.
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2CaMaupa, CaMapcKuii TOCYIapCTBEHHBIN a3POKOCMUYIECKUIl YHUBEPCUTET
nmenn axkagemuka C.II. Koposésa (HalMOHAIBLHBINA MCCIIEI0BATENbCKUI

YHUBEPCHUTET)

PaccvarpuBaercs 3aata naeHTH(OUKAITIN KPACTAJINIECKAX Pe-
mretok. i perenust 9Toit 3amadu ObLIN pa3paboTaHbl IBA METOIA
nmapamMeTpudeckoit npentTudukanun. B ocHOBE MeTOJIOB JIEXKUT BbI-
YHUCJICHUE MEPBI CXOXKECTHU OIEHEHHBIX IMapaMeTPOB UCCJIEIyeMOH pe-
IIETKU C ITAJOHHBIMH ITapaMeTPaMI.

IlepBBIit METOI OIEHWBAET IMECTH ITAPAMETPOB 3JIEMEHTAPHOI
aueiiku Bpase (yIMHBI TPeX CTOPOH U BEJIMYMHBI TPEX yIJIOB MeXK-
JIy HAMM) C TIOMOIIBIO MOBOPOTOB DENIETKH BOKPYT KOODJMHATHBIX
oceit. Bropoit meron onenmBaer obbeMm sueiiku Buraepa-3eiiTiia ¢
nomorbio Merora Morre-Kapsio. B oboux meTomax BBeneHbI HOPMU-
POBAHHBIE MEPBI CXOXKECTU: MePa CXOXKECTU CTOPOH U Mepa CXOXKECTU
YIJIOB JIJTsT 9JIEMEHTApPHBIX si9eeK BpaBe, Mepa cx0xKecTn 00bEMOB st
siueek Burnepa—3eiiTia.

C ucro/ib30BaHUEM METOJIOB IAapAMETPUUIECKON MIeHTH(DUKAIIUN
OBLIO TTPOBEMIEHO WCCJIEI0BaHNE BO3MOXKHOCTU CTPYKTYDPHOU UICHTHU-
dUKaIMM KPUCTAJINIECKUX perneToK. [lorydeHtbie pe3yIbraThl mo-
Ka3aJii, 9TO COBMECTHOE ITPUMEHEHNE JBYX pa3spabOTaHHBIX METOIOB
obecrieanBaeT TOYHOCTh CTPYKTYPHON UIeHTHU(MUKAIINNA PENTeTOK {e-
THIPEX KPUCTAJUINYECKUX CUCTEM (TPUKJIMHHON, MOHOKJIMHHON, TpH-
FOHAJILHON U TeKcaroHaJIbHOI) Ha yposHe Goxee 95% [1].

Pabora mommepxkana rpantamu POOU: Ne12-01-00237-a, Neld-
01-00369-a u Ne14-07-97040-p noBoJIKBE _a.

[1] Kupw /. B. Unenrudukanus KpUCTAUIMIECKAX DPEIIETOK MO KOODIH-
HATaM UX y3JI0B B TPEXMEPHOM IpocrpaHcTse // Pacnosnasanue obpa-
30B U aHAJIN3 M300parkeHuil: Ycuexu B 00JIaCTH MaTEMATHIECKOH Teo-
pun u nupusoxkenuii, 2014 (B neuarn). Ne4.
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The problem of crystal lattice identification is considered. Two para-
metric identification methods were developed to solve this problem.
The methods are based on the calculation of similarity measure be-
tween estimated parameters of the analyzed lattice and sample pa-
rameters.

The first method estimates six parameters of Bravais unit cell
(lengths of the three edges and values of the three angles between
them) by rotating the crystal lattice around the coordinate axes. The
second method estimates volume of Wigner—Seitz cell with the use of
the Monte-Carlo method. Both methods include the normalized simi-
larity measures: edge similarity measure and angle similarity measure
for Bravais unit cells and volume similarity measure for Wigner—Seitz
cells.

The possibility of structural identification of crystal lattices was
investigated using the parametric identification methods. The results
demonstrated that the combined usage of the two developed methods
ensure the structural identification accuracy for four lattice systems
(triclinic, monoclinic, rhombohedral, and hexagonal) at over 95% [1].

This research is funded by RFBR, grants 12-01-00237-a, 14-01-
00369-a, and 14-07-97040-p_povolzh’e_a.

[1] Kirsh D. 2014 (in press). Crystal lattice identification by coordinates of
their nodes in three dimensional space. Pattern Recognition and Image

Analysis: Advances in Mathematical Theory and Applications 4.
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Exarepunbypr, ucturyT MareMaTuku U MeXaHUKHU

um. H. H. Kpacoeckoro ¥YpO PAH

Uccnenyercs 3amgaua k-MHC 06 onTumaibHOM TOKPBITHY TIOJTHO-
r0 B3BEIIEHHOro rpada (HUKCHPOBAHHBIM YHCJIOM BEPIIUHHO Herepe-
CEKAIONUXCs TMUKJIOB. Kpurepnii onTuMu3anun ajJiuTUBEeH U PaBeH
CYMMapHOMY BeCy JIyT, BXOJSIIUX B MOCTPOEHHBIE MapHIPYThI. 3a-
Jada 0bJIaaeT PsAIOM MIPAKTUYECKU BasKHBIX IIPUJIOXKEHUI, B 4acT-
HOCTH, B TAKCOHOMUU, U SIBJISIETCsl €CTECTBEHHBIM ODOOIIEHUMEM W3-
BECTHOI TpyaHOpemmaemoii 3amadu kommusosizkepa (TSP) (cosnaga-
omeii ¢ k-MHC npu k = 1), uccienoBanue BOIPOCOB AIIIPOKCUMU-
PYEMOCTH KOTOPOIi SIBJISI€TCSI OJHUM 3 OCHOBHBIX HAIIPABJICHUIA CO-
BPEMEHHON TEOpUM BBIMHUCIUTEIHLHON ciio2KHOCTU. M3BecTHO, UTO B
obrem ciryuae 3amada TSP nmojmHOMBAIBHO HE AlIPOKCUMUPYEMA C
[IPOU3BOJILHON TOYHOCTEIO 2" (1ipu yesosuu P # N P), oiHako yxKe B
METPUIECKON TIOCTAHOBKE MpUHAIeKUT Kiaaccy Apx. Kak mokazano
C. Apopoii, eBkimosa 3agada TSP (B koropoil Bepiumnbl rpada sis-
JISIIOTCST TOYKAMU B KOHEYHOMEPHOM YHCJIOBOM IIPOCTPAHCTBE, & Beca
JIYT ONIPEJIEIISIFOT PACCTOSTHAS MEXK/Iy HUMM) 00J13/1aeT TOJTHHOMUAIb-
HOI pubJimzKkenHoii cxemoii (polynomial-time approximation scheme,
PTAS), T.e. B HauboJsiee 4acTO BCTPEYAOMIEMCS HA [IPAKTUKE 9aCT-
HOM CJIydae 33/1a9a MOXKeT ObITh pelteHa MPUOIMKEHHO ¢ TPOU3BOJIb-
HOI Halnepej 3aJ[aHHONA TOYHOCTHIO. [lokazaHno, uro 3amada k-MHC
[IPU IIPOU3BOJILHOM (bUKCHpPOBaHHOM k > 1 obJiajiaeT aHAJIOTMYHBI-
MU CBOICTBaMHU, a MMeHHO: 3ajada NP-TpynHa B CHJIBHOM CMBICTIE
U COXpaHsieT TPY/IHOPEIIAeMOCTh B METPUYIECKON M €BKJIMJIOBOMN I10-
CTAHOBKAX; 3a/[ada HeallIpPOKCUMUpPyeMa B ODIIeM CJIydae; MeTprde-
ckas 3amada k-MHC obnamaer 2-mpubInKeHHBIM aJrOPUTMOM; JIJTst
eBKJIMJIOBOM 3a71a4m 11pejioxkena n obocaosana PTAS [1].

Pabora mognep:kana rpantom PH® Ne14-11-00109.

[1] Xawad M. IO., Heanazuna E. JI. IlonuaoMuasbHast IpUGJIMZKEHHAST CXe-

Ma IS 38J1a9M O JIByX KOMMUBOsZKEpax Ha 1tockoctu // Tpyapt wn-

CTUTyTa MaTeMaTuku u Mexanukw, 2015 (B meuarn). Exarepunbypr:
YpO PAH.
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For a complete weighted graph, the optimal covering problem
by k vertex-disjoint cycles (k-MHC) is studied. Optimization cri-
terion is an additive one, it is required to find a cover having the
minimum total weight of the belonging arcs. The problem has mul-
tiple applications, e.g., in cluster analysis, and naturally generalizes
the well-known travelling salesmen problem (TSP) (TSP is 1-MHC).

The general TSP problem is NP-hard and cannot be approxi-
mated within 2" (unless P = N P). Meanwhile, even metric TSP be-
longs to Apx. Arora has shown that euclidean TSP (where vertices are
the points in some finite-dimensional euclidean space and weights are
the euclidean distances among them) has polynomial-time approxi-
mation scheme (PTAS). That is, due to this shining result, the most
popular subclass of TSP problem can be approximated efficiently in
polynomial time within any given accuracy.

The obtained results are the following. It is proved that k-MHC is
strongly NP-hard for any fixed & > 1 and remains intractable in met-
ric and euclidean cases. It is proposed 2-approximation polynomial-
time algorithm for metric &-MHC and PTAS for euclidean k-MHC [1].

This research is funded by Russian Science Fiundation, grant 14-
11-00109.

[1] Khachay M., Neznakhina E. 2015 (in press). Polynomial-time approxi-
mation scheme for two salesmen problem in the plane. Proceesings of
the Steklov Institute of Mathematics. Moscow: MAIK.
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[1] Bozdaros II. C., Yepros B. M. Knaccudukanus TepHAPHBIX KBa3UKa-

HOHUYECKUX CHCTEM CUYHUCJEHHUs] B MHUMBIX KBaJIPATHYHBLIX TTOJIAX U UX

nputoxkenne // Kommbiorepnaga onruka, 2014. T. 38. Ne1. C. 139-147.
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Ternary computer arithmetic: History, problems,
applications

Chernov Viadimir'>> vche@smr.ru
!Samara, Samara State Aerospace University
2Samara, Image Processing System Institute of RAS

An overview of the results referring to the problems of ternary com-
puter arithmetic: history, techniques, ideas, perspectives and appli-
cations, has been provided [1].

[1] Bogdanov P., Chernov V. 2013. Classification of ternary quasicanonical

number systems in imaginary quadratic fields and their applications.
Computer Optics 38(1):139-147. [In Russian.]
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Mcnonb3oBaHrne mopgenu coumanbHoOW cetTu c
coobuiecTtBamu nosnb3oBaTenen gns pacnpegesieHHon
reHepaumn cnyydaliHbix coumanbHbiX rpacgos

Yuxpadse Kupuasr Koncmanmurosuywk chykhradze@ispras.ru
Kopwyroe Anmon Buxmoposun korshunov@ispras.ru
Kysrwpurn Hukronat Hukronaesuy nnkuz@ispras.ru

Mocksa, ICII PAH

OmJtaifHOBBIE COIMAJILHBIE CETH HA CETOJHSIIIHUIA JI€Hb SIBJISTFOTCS
OJIHMM U3 HanbOoJIee TOIYJISAPHBIX TUIIOB COIUAJIBHBIX CEPBUCOB B H-
TepHEeTe, X UX Pa3MePbI JOCTUTAIOT COTEH MUJIJIMOHOB MOJIb30BaTEJ €.
s uccieioBaHus CTPYKTYPHBIX CBOUCTB TAKUX CETEl IPUMEHAIOTCS
AJICOPUTMBI ITOMCKa COODINECTB I0JIb30BaTe eil. Y YNThIBasi OOJIbIIIOe
KOJIMYECTBO IOJIb30BaTe e, HeOOXOIUMbI aJITOPUTMbI, Ubsl 3 deK-
TUBHOCTH JIOKa3aHa Ha OOJIBINX COMUATBHBIX rpadax. CtanmapTHbII
crioco0 oreHKY 3P HEKTUBHOCTH TAKUX AJTOPUTMOB — TECTUPOBAHUE
Ha CIyJailHBIX rpadax co CTPYKTYpPOil COODIIECTB.

Ilens nacrosimeit paboThl — pa3paboTKa MOJeeil, MeTOIOB U IIPO-
IPAMMHBIX CPEJICTB JjIs TeHepaluu CJIyJaillHbIX COIMAJIbHBIX IpadoB
C W3BECTHOM CTPYKTYPOI IEPeceKaromuxcsi COOOIIECTB 0JIb30BaTe-
Jen.

B pabore onmcan pacmpeaeseHHbIi aJTOPUTM, TO3BOJISIIONINAN CO-
3/1aBaTh CJydaiiHble rpadbl ¢ coobiiecTBaMu, CTPYKTypa KOTOPBIX
VJIOBJIETBOPSIET OCHOBHBIM CBOMCTBAM PEAJIbHBIX COIUAJIBHBIX CETE.

B xone TecTupoBaHUS MPOrpaMMHONM peain3aluy AJITOPUTMa B
pamkax dpeiiMBopka Apache Spark ycTaHOBJIEHO, YTO AJITOPUTM 00-
JamaeT JuHeiHo# MmacmrabupyeMmocThio. IIpu aToM rpadbl, co3man-
HBIE COTJIACHO JIAHHOMY aJICOPUTMY, V/IOBJIETBOPSIOT HEKOTOPHIM BazK-
HBIM CBOMCTBAM COIMAJIbHBIX ceTell (pasmep coobImecTBa M KOJIIe-
CTBO COOOIIECTB Y MOJIb30BATE IS PACIIPE/IEIEHBI 10 CTEIEHHOMY 3aKO-
HY, IIOBBIIIIEHHASI IJIOTHOCTH pebep B [IepecedeHusax COOOIecTs U Jp. ).
Tax2ke OBLIN MPOTECTUPOBAHBI PA3JINIHBIE AJTOPUTMBI ITOUCKA COOD-
mects [1].

[1] Yuzpaose K. K., Kopwynos A. B., Kystopun H. H. Vicnoss3oBanue Mo-
JIeJIA COIMAJIbHON ceTr ¢ CcOooOIecTBaMM IOJIb30BAaTEN e IS Pacipe-
JIeJIEHHOM I'eHepaluy CJIy4YailHbIX COIHaJbHBIX rpados // Mammunnoe
obyuenne u anHaym3 ganabix, 2014. T. 1. Ne8. C. 1027-1047. http://
jmlda.org/papers/doc/2014/n08/Chykhradze2014Communities.pdf.
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On a model of social network with user communities
for distributed generation of random social graphs

Chykhradze Kyrylox chykhradze@ispras.ru
Korshunov Anton korshunov@ispras.ru
Kuzyurin Nikolay nnkuz@ispras.ru

Moscow, ISP RAS

Today, online social networks are one of the most popular types of
social services on the Internet, and their sizes reach hundreds of mil-
lions of users. User community detection algorithms are used to inves-
tigate structural properties of such networks. However, large number
of users demands algorithms whose effectiveness is proven on large
graphs. A standard method for assessing the effectiveness of such al-
gorithms is using random graphs with community structure.

The goal of the present work is to develop models, methods, and
software for generating random social graphs with known overlapping
community structure of users.

The paper describes a distributed algorithm which allows to cre-
ate random graphs with community structure that satisfies the basic
properties of real social networks.

Evaluation of the distributed Apache Spark implementation
showed that the algorithm has linear scalability. The graphs gen-
erated according to the algorithm satisfy some of the basic properties
of social networks (e.g., power-law distribution of user-community
membership and community size, dense intersections of communities,
etc.). Various community detection algorithms are also evaluated [1].
[1] Chykhradze K., Korshunov A., Kuzyurin N. 2014. On a model

of social network with wuser communities for distributed gen-

eration of random social graphs. Machine Learning and Data

Analysis 1(8):1027-1047. http://jmlda.org/papers/doc/2014/no8/

Chykhradze2014Communities.pdf.
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ApantuBHas npoueaypa 0000LEHHOro Cria>knsBaHmsA
n3o0bpa>keHnii Ha OCHOBE CTaTUCTUYECKOro noaxona

I'pauesa Unecca Anexcardposrax gial509@mail.ru
Konwinose Andpeli Baaepuesuy And .Kopylov@gmail . com
Kpacomxura Oavea BauvecaasosHa ko180177Q@yandex.ru

Tyua, Tynbckuil rocy1apCTBEHHBIN YHIBEPCUTET

CrirakuBaHue pa3MbITBIX JIOKAJIbHBIX OIIEHOK UMEET CBOE IesIbIO
MaKCHMaJIbHOE II0JaBJIeHNe JIOKAJIbHBIX BO3MYIIEHUI Oe3 CyIIeCTBEH-
HOrO yiepba TOYHOCTH BOCCTAHOBJICHUsI 3HAYEHWI CKPBITOTO Mapa-
MeTpa HEeCTAIMOHAPHOTO CUTHAJIA WJIM W300payKeHusl, MOCKOJILKY B
OCHOBE TAKOI'0 IIOAXOIa K aHAJU3y CUTHAJIOB WU M300parkKeHuil Jie-
JKAT aIllPUOPHOE IPEIIIOI0KEHNE, UTO Pe3yJIbTaT 00PabOTKU SIBJISIET-
Cs1 JIOCTATOYHO IJIQJIKUM U yMEPEHHAasl CTEIEHb CIVIAYKUBAHUS B IIPO-
1ecce OIEHUBAHMS HE MOXKET €ro CyIIeCTBEHHO HMCKasuTbh. OaHaKo
npu 06paboTKe 9acTO BO3HUKAET CUTYAIUsI, KOTJA TAKOE allPUOPHOE
[IPEIIIOJIOKEHNE He SBJILeTCd BIOJHE aJeKBATHLIM IIPUPOIE aHAJIU-
3UPYEeMOro M300parkeHusi 1 HeOOXOAMMO JOILYCTUTh HAJIUYIUE SIBHBIX
Pa3phIBOB B IOJJIEXKAIIENl BOCCTAHOBJIEHHIO CKPBITON HECTAllMOHAD-
HOIT MOJ1eJIu, Salvla.CKI/IpOBaHHbIX HIy]\JOl\I B aHaﬂI/ISI/Ipyel\/H)IX JaHHBIX.

B pabore paccmarpuBaercs obobinenne 6aifeCoOBCKOro MOAX0a K
aHaJIN3y N300paKeHUl, BKIIIOYAIONEE aBTOMATHIECKYIO AJIAITAIIIO
[apaMeTpoB CIVIaYKUBAHUs K HAOJII0IAEMbIM JAHHBIM, TO3BOJIAIONLY IO
COXPaAHUTh CYIIECTBEHHBIE JIOKAJIbHbIE OCOOEHHOCTU M300parKeHnsl, B
YaCTHOCTH TI'paHuIbl 00bekToB. Ilpemaraemasi ramMmma-HOpMAaJIbHAS
MOJIEJIb U300PasKeHUsl U OXKUIAEMOI'o pe3yJibrara 00pabOTKM, pac-
CMATPUBAEMBIX KaK JIBYXKOMIIOHEHTHOE CJIydYaiiHOe TOJIe, MO3BOJIIIA
pa3paboTaTh ImapaMeTPUYeCKHil aJIalTUBHBIA aJICOPUTM CLJIayKIBa-
Hus n3obpaxkenuil. IIpenjioXKeHHBIN aJropuT™, B OTJAXYUE OT CyIIle-
CTBYIOIINX, SIBJISIETCS MTPOCTBIM B HACTPOWKE W 00Ja/1aeT JTMHEHHO
BBIYUCJIATEIBHOM CJIOKHOCTHIO OTHOCUTEIBHO KOJIMYIECTBA 9JIEMEHTOB
M300parkeHnsl.

Pabora mognep:xana rparrom PODU Ne13-07-00529.

[1] I'pavesa HU. A., Konwvios A. B. AnanTusHbII napaMeTPUYECKUil aro-
purMm obpaborku mzobpakenunii // Mammnuaoe obOydeHnue u aHaIu3

JaHHbIX, 2014 (B neuarn).
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Adaptive procedure for generalized smoothing of
images on the basis of statistical approach

Gracheva Inessax gial509@mail.ru
Kopylov Andrey And.Kopylov@gmail.com
Krasotkina Olga ko0180177@yandex.ru

Tula, Tula State University

Smoothing of fuzzy local estimates is aimed at the maximum sup-
pression of the local peculiarities without significant loss of accuracy
of the recovered hidden parameters of a nonstationary signal or im-
age. The basis for such approach to the analysis of signals or images
is the a priori assumption that the sought for result of processing
is smooth enough and a moderate degree of smoothing cannot sig-
nificantly distort it. However, it is common situation, when such «a
priori assumption is not quite adequate to the nature of the analyzed
image, and one should obviously introduce the possibility of abrupt
changes into the hidden nonstationary model, disguised by noise in
analyzed data.

In this paper, a generalization of the Bayesian approach to the
image analysis, which involves automatic adjustment of the changing
smoothness parameters to the observable data, is considered. Such
generalized approach allows one to preserve substantial local image
features, in particular, edges of objects. Proposed gamma-normal
model of the image and the expected result of processing, consid-
ered as a two-component random field, allowed to develop parametric
adaptive algorithm for image smoothing. In contrast to the existing
algorithms, the algorithm being proposed is simple in tuning and has
linear computation complexity with respect to the number of image
elements.

This research is funded by RFBR, grant 13-07-00529.

[1] Gracheva I., Kopylov A. 2014 (in press). Adaptive parametric image
processing algorithms. Machine Learning and Data Analysis.
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CummeTpusauuns Tovek n3obparkeHust, 3agaHHbIX
cTaTucTnyeckummn Bblibopkamm

Kapruwenro Aaexcarndp Huxonaesurwx karkishalex@gmail.com
Mnyxun Baaepuli Bopucosuy mnukhin.valeriy@mail.ru

Taraupor, FOxublit deiepaibHblil yHUBEpCUTET

Pabora mocssimmena mOCTPOEHUIO CUMMETPUIHBIX KOHMUTYpAITHit
TO4YEK M300pakeHus IO 3aJaHHBIM, HO He 00JIaJIaloIUM STUM CBOI-
CTBOM TOYKAaM, IIPO KOTOPBIE U3BECTHO, YTO OHU JIOJIKHBI OBITH CUM-
MeTpudHbI. /lamHas 3ajada Ha3BIBAETCA 3aJladeil CHMMEeTPU3AINH.
B mpeapiaymux paborax aBTOPOB PACCMATPUBAJINCH METOIBI €€ pe-
IIeHNs IIPU YCJIOBUH, 9TO KaXKJasl TOUKa 3a/1aHa HEKOTOPOU OIEeHKOM
CBOETO II0JIOYKEHM ST, KOTOPOE MOXKET He COBIIA/IaTh C UCTUHHBIM. Bolin
NIpeJIOZKEHbl PEIllleHus [l CIydaeB OTpaskKaTejbHOHM U BpallaTesb-
HOI CHMMETPUU C PA3HOHU CTEIEHbIO allpUOPHON HEOIpeleIeHHOCTH.
OnTuMaIbHOCTD TIOJTY IAEMBIX PENTEHU BEIPAXKAJIACH B TOM, 9TO CUM-
MeTpHU3aIys JOCTUTAJIaCh MUHIMAJIbHBIM YKJIOHEHIEM «CUMMETPHU30-
BaHHBIX» TOYEK OT IIePBOHAYAJIbHBIX [TOJIOXKeHuit. B oTymidne ot mipe/i-
MIECTBYONIUX IyOJIUKAINN, B JAHHOIN CTaThe PacCMaTpUBaeTcs: boJiee
obmmumii caydail, Korja TOUKH 33JIaI0TCsl CTATUCTUYECKIMU BBIOOPKA-
mu koopamHaTt. [Ipu 3TOM Tpebyercsi, COOTBETCTBEHHO, «CTATUCTUAYE-
CKOe» MMOHMMAaHWe ONTUMajbHOCTH perteHuii. [Ipemmaraiorca MeTompr
IIOCTPOEHUS 110 CTATUCTUIECKUM BEIOOPKAM I'apaHTHPOBAHHO CHMMET-
PUYHBIX KOHMUTYPAIHil, ONTUMAIBHBIX B TOM CMBICJIE, YTO OHH 0018~
JIAIOT HAMOOJIBIIEl IIOTHOCTHIO BEPOSITHOCTH 1osiByieHust. 1lokazamno,
9TO ITH 3JIaYU CBOJATCA K CTAHJIAPTHONW TOCTAHOBKE 3aJa9d MU-
HAMU3aIuu B IIPOCTPAHCTBE ¢ MeTpukoit Maxamanobuca. Paccmar-
PUBAIOTCS 33/Ia9H «CTATUCTUIECKON» CHMMETPHU3AINN OTHOCUTETIHHO
oTpaXkaTeJIbHOII 1 BpararesbHoil cumMmerpuii. IIpeiaraercs Takxke
HOPMHUPOBAHHAs Mepa CHMMETPUYHOCTH MCXOJHBIX CTATHCTHYECKUX
JAaHHBIX. [JIs myuTiocTpanuyu MeTOJ0B CHMMETPHU3AINN ITPUBOAATCS
pes3ysbraThl MojgesmpoBanus [1].

Pabora nognepxana rpanramu POOU Ne 13-07-00327-a u Ne 13-
07-13112-obu_ M P2KJI.

[1] Kapruwenxo A. H., Mnyzun B. B. CuMmMerpusanusi To4ek n3obparke-

HUs, 3aaHHBIX CTATUCTUYECKUMU BbIGopkamu // MaiunHoe 06y deHne

n aHaau3 JaHHblx, 2014. T. 1. Ne7. C. 920-935. http://jmlda.org/

papers/doc/2014/no7/Karkishchenko2014Symmetrization. pdf.
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Symmetrization of the image points defined
by statistical sampling

Karkishchenko Alexanderx karkishalex@gmail.com
Mnukhin Valeriy mnukhin.valeriy@mail.ru

Taganrog, Southern Federal University

The paper is devoted to the methods of constructing symmetrical

configurations of characteristic points in an image calculated from

a certain set of given points that do not possess this property, but

about which it is known a priori that they should be symmetrical.

This problem has many applications and is called the problem of

symmetrization. In their previous studies, the authors examined the

methods for its solution provided that each point is given with some
estimate of its position, which may not coincide with the true one.

Such a situation is typical when processing images. Solutions have

been proposed for the cases of reflectional and rotational symmetry

with varying degrees of a priori uncertainty. Optimality of the so-
lutions is in the fact that symmetrization is achieved in a minimum
deviation of “symmetrized” points from the original locations. Here,
the more general case when the points are specified by statistical sam-
ples is considered. This case requires the “statistical” understanding
of the optimality. The methods proposed in this paper, being based
on statistical samples, are available for constructing symmetrical con-
figurations which are optimal in the sense that they have the highest
probability density of appearance. The paper shows that the problem
can be reduced to the standard setting of the minimization problem
in a space with Mahalanobis metric. The problems of “statistical”
symmetrization of points related to both reflectional and rotational
symmetry are considered here. Also, normalized measure is proposed
to assess the degree of symmetry of the source statistics. To illustrate
the methods of symmetrization, the results of modeling are given in

the paper [1].

This research is funded by RFBR, grants 13-07-00327 and 13-07-
13112-ofi_m_RZhD.

[1] Karkishchenko A., Mnukhin V. 2014. Symmetrization of the im-
age points defined by statistical sampling. Machine Learning and
Data Analysis 1(7):920-935. http://jmlda.org/papers/doc/2014/
no7/Karkishchenko2014Symmetrization.pdf.
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Pa3paboTka TpexmepHOro ckaHepa 4esioBe4ecKoro
Tena gns NpoekTa BUPTYasibHOW NPUMEPOYHOI C
ncnonb3oBaHnem ceHcopos Kinect

Japun Aaexcardp Oaezosun ekzebox@gmail.com

MockBa, MocKOBCcKuil (pUBNKO-TEXHUIECKUH UHCTUTYT

IostBiienne Ha TOTPEOUTEBCKOM PBIHKE JIEIIEBBIX YCTPOMCTB C
RGB-D kamepoii: MS Kinect, ASUS Xtion Pro, PrimeSense, Intel u
Op., — IO3BOJIAIONINX [TOJIYyYaTh MOMIMO OOBIMHOI'O IIBETOBOIO M300-
paxkenust TpexmepHoe (3D) 06saKo TOUEK, TIPEICTABIAIONINX O0BEKT,
MIOPOIUIIO HOJIBIIY IO BOJIHY IyOJIMKAIMI 1 TEXHUYECKUX PEIeHuit, mo-
CBSIEHHBIX pa3dpaborke Hegopororo 3D ckanepa Jjist JIMIHBIX HY KT
¥ TPOEKTOB C OIPAHUYIEHHBIM OI0[?KETOM.

K coxamennio, 66/1bIIas 1acTh U3 TUX PAOOT U PEITEHU SIBSIOT-
cs1 TUOO TIOJTHOCTHIO 3aKPBITBIMUA W OYEeHBb JIOPOTUMHU, JTUOO0 OecriaT-
HBIMU ¥ OTKPBITBIMU, HO CJIO2KHBIMY B TIOJJIEPXKKE U TIO3BOJISIFOIIIMUI
[OJIy9aTh HU3KOE KA4eCTBO Pe3yJsibTara, a IMyOJUKAIud UMET pas-
PO3HEHHBIN XapaKTep, OXBATHIBAIOT OUEHb Y3KUI KPYT 3a/1a49 U HE A~
IOT YETKOI'O M 3aKOHYEHHOTO IIPE/ICTABIEHUS 00 aJropuTMax, HeoOxo-
JUMBIX JJIs1 PA3PA0OTKH [TOJTHOCTHIO0 aBTOMATHYECKOrO IIPOrPAMMHO-
ro obecrieuenusi. Pazpaborka 3D ckaHepa j1axke Ha OCHOBE JIAHHBIX C
RGB-D kamepsl, j1axke B yCJI0BHAX, Ka3aJ0Ch Obl, OOJIBIIOTO KOJIMYe-
CTBa CyIIECTBYIOIIEr0 MATEPUAIa, OCTAETCS JTOCTATOYHO CJIOXKHOI 3a-
nadeil, OXBaTHIBAIOIIEH MUPOKMIT CIIEKTP 3a1a49 u3 obsacreit Surface
Reconstruction u Computer Vision: ycrpanenne nrymos B 3D obirake
TOYEK U ero CIVIayKuBaHUe, BoccTaHoBJeHne 3D 1oBepxHOCTH B peaJib-
HOM BpPEMEHU, TeKCTYPUPOBaHUE MTOJIyYeHHON MOJIE/IN ¢ IPUMEHEHNEM
Mopdosoruu u (GUILTPAIUN.

Jannast pabora mpeacTaByseT cobON COmEepKATETHHOE OIMCAHUE
Habopa TEXHUYIECKUX PEIIeHUN U AJITOPUTMOB, ITO3BOJIAIONINX IIOJIY-
qaTh TEKCTypupoBaHHYIO 3D Mosess 4esoBeka MpPUEMJIEMOTO Kade-
CTBa, JOCTATOYHOI'O JIJIsi PEIeHUs IMUPOKOIO CIIEKTPa IIPUKJIAIHBIX
3aJ1a4, HAIPUMED MPUJIOXKEHUN BUPTYaJbHON pPealbHOCTH WA B Ka-
YeCTBE OCHOBBI IIPOEKTA BUPTYAJIbHON HpuMepodHoii [1].

[1] JIapun A. O. Paspaborka 3D ckanepa 9eI0BEYECKOTO TeJIA JJIS IPOEK-

Ta BUPTYaJIbHON IPUMEPOYHON ¢ ucnojb3oBanueM cencopos Kinect //

Mamuazoe o6ydeHue u aHanu3s jaHsbix, 2014 (B nevarn).
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The development of three-dimensuonal human body
scanner for virtual fitting room using Kinect

Larin Alexander ekzebox@gmail.com

Moscow, Moscow Institute of Physics and Technology

The market appearance of cheap consumer devices with RGB-D cam-
era such as MS Kinect, ASUS Xtion Pro, PrimeSense, Intel, etc.,
which, besides the usual color image, give three-dimensional (3D)
point cloud representation of object, has generated a great wave of
publications and technical solutions devoted to the development of
low-cost 3D scanner for personal needs and projects with a limited
budget.

Unfortunately, most of these works and solutions are either com-
pletely closed and very expensive, or free and open, but difficult to
support and bring poor results. The publications are fragmented,
cover a very narrow range of tasks, and do not provide clear and
complete idea of the algorithms needed to develop a fully automated
software. Even in the presence of seemingly large amount of existing
material, the development of 3D scanner based on data (received)
from RGB-D camera, remains a rather difficult task, covering a wide
range of problems in areas of Surface Reconstruction and Computer
Vision like elimination of noise in a 3D point cloud and its smoothing,
real-time 3D surface reconstruction, and texturing of the obtained
pattern using morphology and filtration.

This work presents extended description of set of technical solu-
tions and algorithms, which allows receiving a textured 3D model
of a person of acceptable quality, sufficient for solving a wide range
of problems, such as the developing of virtual reality applications or
using as a base project virtual fitting [1].

[1] Larin A. 2014 (in press). The development of 3D human body scan-
ner for virtual fitting room using Kinect. Machine Learning and Data

Analysis.
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MHTennekTyanbHbie BO3MOXXHOCTHN
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ensa, TTen3eHCKHil rOCYIAPCTBEHHbIH YHABEPCHTET
QHeH3a, Ilersenckuit rocyqapCTBEHHBIN TEXHOJIOTUIECKAN YHUBEPCUTET

B nannoit pabore mpejaraercst HOBbII IOIX0/ K PACIIO3HABAHUIO
3D 00BbEKTOB, OCHOBAHHBIM Ha METOMAX CTOXACTUYIECKON INeOMETPUH
7 DYHKIUOHAJIBHOIO AHAJIN3a, KOTOPBHIA 00/1a71aeT BO3MOXKHOCTSIMU
WHTEJUIEKTYaJIbHOTO aHAIN3a JAaHHBIX. [[pH3HaAKH MMEoT runepTpu-
IUIETHYIO KOMIIO3UIIMOHHYIO CTPYKTYPY, CIIOCOOCTBYIOIILYIO IIPOCTOI
peaim3aluy aJIrOPUTMa U KOHCTPYUPOBAHUIO OOJIBINIONO JHCJIa [IPU-
3HakoB. CTporast MOJIE/Ib [TO3BOJISIET CTPOUTH IPU3HAKU AHAJIUTHAYIE-
CKH, OIUCHIBas KAXKJIbII KJIacC OObEKTOB U UX OCODEHHOCTH.

3D Tpeiic npeobpazoBanme MMO3BOJISET CO3/IABATH WHBAPUAHTHOE
OIHMCAaHUE ITPOCTPAHCTBEHHOI'O 00bEKTA, KOTOpOe 0oJiee yCTONYINBO K
HACKaKeHUAM U IIyMaM, 4eM II0JIydaeMoOe B pe3yabTaTe IIPOIeypPhl
HOPMAJIM3AIIH 00beKTa. BO3MOXKHOCTH pery/impoBaTh CBONCTBA IIPU-
3HAKOB TIOBBINAET HWHTEJLUIEKTYAJbHbIE BO3MOYXKHOCTH IIpeobpa3oBa-
HUs, 9TO sIBJISIE€TCS €r0 MpenMyInecTBoM. B pabore npuBoagTCS mpu-
MepPBbI TMIEPTPUIIETHBIX TPU3HAKOB, NIMEIOIINX 33/[aHHbIE CBOWCTBA.

B crarbe ananmsupyercda posib (DYyHKIIMOHAJIOB, BXOJSAIINX B
CTPYKTYPY T'HIEPTPUILIETHOrO Ipu3Haka. OUUCHIBAIOTCS PaCIIUPEH-
Hble Bo3MOXKHOCTH 3D Tpeiic mpeobpa3oBaHusi, HAIIPUMED, U3BJIEYE-
HUE B TOU K€ TeXHWKE CKAHWPOBaHWS MHMOPMAIUMU O MPOCTPAH-
CTBEHHOM TIOJIO2KEHUU U OpueHTannu oobekra. [IpuBogurcs onucanme
CITIOCOOOB MHTEJIIEKTyaIbHOTr0 anaan3a 3D nzobparkenwuii, Hampumep,
BBICOKOYPOBHeBas pe1oopaboTka 3D m3obparkeHuil, BHITIOJTHEHHAS B
TOM YKe TeXHUKe CKAHUPOBAHUsl, YTO U (POPMUPOBAHUE IPU3HAKOB.

Pabora mognep:xana rparrom PODU Ne12-07-00501.

[1] @edomos H.I., Cémos A. A., Moucees A. B. VIuTesieKTyanbHble BO3-

MO>KHOCTHU THIIEpPTPERCc-TIpeobpa3soBaHusl: KOHCTPYUPOBaHUE IIPU3HAKOB

¢ 3aJlaHHBIMU cBojicTBaMu // MamuHHOe 00y4YeHre U aHAJIN3 JAHHBIX,
2014 (B neuarn).
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Intelligent capabilities hypertrace transform:
constructing features with predetermined properties

Fedotov Nikolay' fedotov@pnzgu.ru
Syemov Aleksey'x mathematik aleksey@mail.ru
Moiseev Alexandr® moigus@mail.ru

'Penza, Penza State University
2Penza, Penza State Technological University

In this article a new approach to the 3D objects’ recognition based
on modern methods of stochastic geometry and functional analysis is
proposed. This method has many advantages and data mining capa-
bilities. Thus, features have hypertriplet composite structure, which
provide not only easy machine implementation of this algorithm, but
construction of a large number of features. Due to building a rigor-
ous mathematical model, the analyst can construct analytical and
not intuitive features, describing each object class and their features
(in particular, constructing geometric features).

3D trace transform allows to create invariant description of spatial
object, which is more resistant to distortion and coordinate noise
than the description obtained as a result of the object normalization
procedure. Possibility of regulating constructed features’ properties
significantly increase intellectual capabilities of 3D trace transform
that is undoubtedly its advantage. Proof developed theory and the
mathematical model is variety constructed theoretical examples of
hypertriplet features having described particular properties.

In the article role of functional included in compositional structure
of hypertriplet feature is analyzed. Extended possibilities of 3D trace
transform, in particular, extracting in the same scanning technique
the information about the spatial position and orientation of three-
dimensional object are described. Description of many ways of 3D
image mining is proposed. For example, one of the intellectual abilities
of the proposed method is a high-level preprocessing, processing and
post-processing of 3D images in one scanning technique.

[1] Fedotov N., Syemov A., Moiseev A. 2014 (in press). Intelligent capabil-
ities hypertrace transform: constructing features with predetermined
properties. Machine Learning and Data Analysis.
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MeTopa nonyaBTOMaTUYECKOW KOHTEKCTHO pa3mMeTku
CUEHDI

FEzopos Anwmon Hearosuyx aegorov@gosniias.ru
Buwmnsaxose Bopuc Baucosuy bvishnyakov@gosniias.ru

Mocksa, ®TVII TocHUMAC

KonTekcTHast pa3zmeTka CIEHBI SBISETCA OMHON M3 Hambojee ak-
TYaJIbHBIX 33124 /s IMIPOKOrO CIIEKTPA MIPUJIOKEHU, pabOTAIONINX
¢ n300parKeHUsIMM WU BHjieoanubiMu. OHOM U3 OCHOBHBIX 00JIa-
crei OpUMEHEeHUd JIJIsA KOHTEKCTHOMI Pa3MEeTKU CHEHBbI ABJIAETCA BU-
neoHabstrosienne. Vcnosib3oBanne Takoil KOHTEKCTHON HH(MOPMAIMH O
CIleHe, KaK PAaCIOJIOKEHHE JOPOT, TPOTyapoB, 3/IaHUI, ra30Ha U IIp.,
MIO3BOJIIET 3HAYUTEIBHO YBEJIUIUTDh BEPOSITHOCTH OOHADYKEHUS 00b-
€KTOB MHTEPECA W YMEHBIINUTH BEPOSTHOCTU JIOKHBIX CpabaThIBAHUI
KaK aJIrOPUTMOB aHAJIM3a JBU2KEHUS 10 BUJIEOIIOCIIEI0BATEILHOCTH,
TaK U aJrOPUTMOB IIOUCKA OO'bEKTOB MHTEPECa, IPUMEHSIEMbIX Ha OT-
JIeJIBHBIX N300PaKeHUsIX U OCHOBAHHBIX HA MAIIMHHOM OOYJYEHUN.

IIpemraraembrit MeTO/T IpeAIOIATAECT TOJTyaBTOMATAIECKY IO KOH-
TEKCTHYIO Pa3METKy CIIEHbI, OPraHU30BAHHYIO 10 UTEPAIHOHHOMY
MPUHITAITY, 9TO OCBOOOXKIA€T OIepaTopa OT PYTUHHONW PYyUIHON pas-
METKHU KaXKJOTO MUKCEJIsI N300ParKeHusI, OJTHAKO OCTABJISIET €My BO3-
MO>KHOCTb BHOCHTDL YTOYHEHHUS B CT€HEPUPOBAHHYIO PA3METKY B JIIO-
6oM maciTabe, HAYMHAST OT YTOYHEHUS OT/IEJIbHBIX IMUKCEIel, 3aKaH-
quBas IOJHON IIepepa3sMeTKON «C HyJId».

Jlanuplii MeTON NPUHAMAET HA BXOJ HEKOTODPYIO HETOYHYIO Pas-
MeTKYy O0beKTOB Ha crieHe. JlaHHas pa3sMeTka BBIIOJIHAETCS OIepa-
TOPOM BPYYHYIO U COOTHOCUTCS C TIOJTYICHHBIMU ITOCTIE CETMEHTAITUN
pernonamu. CooTBeTCTBUE OIPEIEISeTCs 10 MAaXKOPUTAPHOMY ITPUH-
ALY, UCXO/Isi N3 KOJUIECTBA MUKCeJIel KaXK/I0r0 U3 CerMeHTa, pa3Me-
YEHHOI'O orepaTopoM [1].

IIpeaoxKeHHbIH aJrOpUTM OBLT TPOTECTUPOBAH HA M300PaAKEHUAX
u3 obenocrymnHoit 6aser PETS.

Pabora soimonnena mpu moagep:xke POOU, rpant 12-07-00798-a.
[1] Eeopos A. H. Metos 1motyaBTOMaTHIECKOH KOHTEKCTHON Pa3METKH CIie-

Hbl // BeCTHUK KOMIIBLIOTEPHBIX U MH(DOPMAIMOHHBIX TexHOsIornii, 2014

(B meuarn).
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Method of semiautomatic contextual scene markup

Egorov Anton x aegorov@gosniias.ru
Vishnyakov Boris bvishnyakov@gosniias.ru

Moscow, GosNIIAS

Contextual scene markup is one of the most actual problems for a
wide range of image and videoprocessing applications. Using such
information as location of road, sidewalks, buildings, lawns, etc. on
the scene can significantly increase the probability of successful object
detection and reduce the probability of false positives.

In this paper, a method of contextual scene markup is suggested.
Based on a prior scene markup from a user, the method allows iden-
tifying the type of areas or objects presented on the scene. Image
preparing stage includes the following steps: smoothing, brightness
gradients extraction using Sobel operator, nonmaximums suppres-
sion and morphological restoration of contour boundaries breaks. The
process of initial image segmentation and its further elaboration by
absorbing small segments are described. Finally, is proposed an algo-
rithm for matching segments and initial scene markup by operator is
proposed.

The method is organized by the iterative principle, so that the op-
erator can make any number of refinements after the algorithm com-
pletion and if necessary run it again. Otherwise, contextual markup
becomes final and goes to the surveillance algorithms [1].

The results of the proposed methods are obtained on test video
database PETS.

This research is funded by RFBR, grant 12-07-00798-a.

[1] Egorov A. 2014 (in press). Method of semi-automatic contextual scene
markup. Herald of Computer and Information Technologies.
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CpaBHeHue n300pa>keHunin KapTuH
no nHdopmaTnBHbIM pparmeHTam

Mypawos qmumputi Muxatirosu' d_murashov@mail .ru

2 berezin_alex@mail.ru

Bepeaun Aaexceti Baadumuposur
Heanosa Examepuna FOpvesna®
"Mocxkra, Borancimrensusiit mentp uM. A. A. JTopomuuisma PAH

2MOCKBa7 TocymapcTBeHHbIT HCTOPUYECKUiT My3eit

PaccmarpuBaercst 3aada cpaBHeHHUsSI M300parKeHUNl KapTUH TI0
nHGOPMATUBHBIM (QparMeHTaM JJjis IeJieil aTpudynuu MpPOU3BeJie-
Huit xKuBonucu. VIcrmosib3yeMble TEKCTYPHBIE MPU3HAKNA OIUCHIBAIOT
dakTypy KapTUHBI U SIBJIAIOTCH XAPAKTEPUCTUKON CTUJIsSI >KUBOIIU-
CH XYyIOXKHUKA. B KadecTBe MPU3HAKOB [IPUMEHSIJIUCH THCTOIDAMMBI
JIOKAJTHHON OpHEHTAITUN XPeOTOB MOy TOHOBOTO pesbeda m300parke-
HUS U JIOKAJIbHOW OPUEHTAIINN ITPOCTBIX OKpecTHOCTel. Pazpaborana
porieypa u3BJjieueHusi npusHakoB. Jlns cpaBHenust mHpOpPMATHB-
HBIX (DPArMEHTOB MPUMEHSETCSI TEOPETUKO-UH(POPMAIMOHHAST Mepa
pasnmans Ha ocHOBe muBeprennun Kysnbaka—Jleitbaepa. [Ipemmoxe-
Ha METO/IMKA CPaBHEHUS M300parKeHnil KAPTUH 110 3HAYEHUSIM MePbI
paznuuaus pparmenToB. MeToimKka TeCTHPOBAIACh HA N300PaAKEHUAX
nopTperos, HancaHHbiX B X VIII-XIX Be. CpaBHEHUE KapTUH IIPOBO-
JIUJIOCH IO TPEM OJTHOTHUITHBIM (pparMeHTaM, BbIIEIEHHBIM Ha KAXKJIOM
n300paxkenuu. Pe3yibraThl 9KCIIEPUMEHTOB MOKA3AJIH, ITO PA3IUIUST
KapTUH OJIHOI'O aBTOPA CYIIECTBEHHO MEHbBIIE PA3JINIANl MEXKIY Kap-
THHAMHU PA3HBIX aBTOPOB. [Ipesjiokennas MeToMKa CpaBHEHUS 1300~
paXeHuii MOXKeT OBbITh KCIIOJIb30BAaHA B KAa4ecTBE OJHOTO U3 BUJOB
TEXHUKO-TEXHOJIOTHIECKUX WCCJIeIOBaHM KapTuH. /lanbHeiimue uc-
caenoBaHus Oy/LyT HAIPABJIEHBI HA PACIIMPEHNE TPU3HAKOBOTO OIU-
canus (pparMeHTOB KapTHUH, pa3pabOTKy METOIOB MOMCKa WH(OpMa-
TUBHBIX (DPArMEHTOB, yBeaudeHne 6a3bl M300PakeHnit 1 TECTHPOBa-
HUe pa3spaboTaHHON MeTOnuKN Ha GosbIeM obbeMe JTaHHbIX [1].

Pabora nmognep:xana rparrom PODU Ne12-07-00668.

[1] Mypawos /. M., Bepesun A. B., Heanosa E. FO. CpaBrenue nzobpaxe-
Huii KapTuH 1o nHdopMaTuBHbIM dbparmentam // Mamuanoe 06yue-
Hye u aHaiau3 nanebix, 2014. T. 1. Ne8. C. 941-948. http://jmlda.org/
papers/doc/2014/no8/Murashov2014Comparing. pdf.
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Comparing images of paintings using informative
fragments

Murashov Dmitry'x d_murashov@mail.ru
Berezin Alexey’ berezin alex@mail.ru
Ivanova Ekaterina®

"Moscow, Dorodnicyn Computing Centre of RAS

2Moscow, State Historical Museum

The problem of comparing images for the purpose of attribution of

fine-art paintings is considered. Features that are used in this work

describe texture of a painting and characterize the artistic style of

a painter. The feature space is composed of a histogram of orien-

tation angles of grayscale image ridges and a histogram of simple

neighborhood orientation based on the local structure tensor. A pro-
cedure for feature extraction is developed. An information-theoretical
dissimilarity measure based on Kullback—Leibler divergence is used
for comparing informative image fragments. A method for compar-
ing images of paintings using dissimilarity measure values between
fragments is proposed. The method is tested on images of portraits
created in XVIII-XIX centuries. The paintings are compared using
three fragments segmented in a particular image. The results of the
experiments showed that the difference between portraits painted
by the same artist is substantially smaller than one between por-
traits painted by different authors. The proposed technique may be
used as a part of techno-technological description of fine art paint-
ings for attribution. The future research will be aimed at extending
feature space, developing a technique for locating informative frag-
ments, augmenting image dataset, and testing the developed method
on augmented dataset [1].
This research is funded by RFBR, grant 12-07-00668.

[1] Murashov D., Berezin A., IvanovaY. 2014. Composing feature
description of paintings texture. Machine Learning and Data
Analysis  1(8):941-948. http://jmlda.org/papers/doc/2014/no8/
Murashov2014Comparing.pdf.
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HoBbln MeTOof, peanbHOro BpemeHu

AN KOHTEKCTHOro onucaHus n3obparkeHnii
N ero NpuMeHeHus K HaBuraummn poboTos
N UHTENNEeKTYyasibHOMY YNpaBJieHUNIO

Kuti Koncmanwmun HUearnosuy konst.i.kiy@gmail.com

Mocksa, MucturyT npukiagaoit maremaruku um. M. B.EKenapima PAH

IIpumenenre KOMIIBIOTEPHOTO 3PEHUST U TOHMMAHNS N300parKeHHit
UMEIOT KPUTUYIECKYIO BaXKHOCTh B POOOTOTEXHUYECKUX CHCTEMAX OY-
ayiiero. Baxkueiiiee 3nadenue 6yaeT UMeTh CIIOCOOHOCTb HAXO/IUTD
[IPEJIMETHI [10 CJIOBECHBIM OIMCAHWSM WJIM 38aHHBIM dTajjoHaM. J[jis
9TUX TIeJIel TPeJJIaraeTCsl HOBBIM METOJ, CeTMEHTAIUA U OIMUCAHUS
[BETHBIX M300PaXKEHU U JAIOTCS €r0 IPUMEHEHNUsI K TIOUCKY U OTCJIe-
JKUBAHUIO OPUEHTHUPOB B PEAJHHOM BpeMeHu. KiIioueBbiM 00beKTOM
[IOJIX0/TA SIBJISIETCSI CTPYKTYPHBIH Tpad 11BeToBbIX cryctkoB STG, Ko-
TOPBIi B C2KATON (POPME OIUCHIBAET OCHOBHYIO HH(MOpMAINio 00 1300~
paxenuu. Baxkueiimas wabOpMaIus, HeOOXOIUMAS JJIs TPUHSTUS
pelenHuii, 3aK/II09eHa B KOHTPACTHBIX O0BEKTAaX Ha M300parKEHUsIX
peasbHOrO Mupa. Pa3paboraHbl HOBbIE METOIbI, KOTOPBIE ITO3BOJIS-
FOT BbIJIEJATh 9TH 00bekThl Ha STG. s aTux 1eseii omnpeuesiorcs
JieBble M IPaBble POCTKU KOHTPACTHBIX 00bekToB (left-right germs
of contrast objects, LRG) na STG (HenpepsiBHBIE JIeBble U [PABbIE
KOHTpacTHbIe rpanndnbie Kpusble Ha STG). Ha MHOXKecTBaxX JIeBbIX
U NIPABBIX POCTKOB KOHTPACTHBIX O0BEKTOB 3a/Ia€TC CTPYKTYPa JIBY-
nosmbsHOoro rpada LRG. Korrpactabie 06bekTol Ha STG nnTepnpern-
pyIoTcst KaK cBsi3Hble KoMItoHeHTHI Ha LRG m Kak HeKoTopble KOH-
TpacTHBIE OOBEKTHI HA U300PaKeHUN. Y Ka3aHHAS TEXHUKA YCIEITHO
MIpUMEHEeHa JJIs JIBUXKeHnsT poboTa HAa OPUEHTUPBI C 3PUTEIHHONI 00-
parHoii cBsa3bio [1].

Pabora nmogmepxana rpantamMmu POOU Ne13-08-01118 u Ne13-07-
00988.

[1] Kiy K. I. A new real-time method of contextual image description and
its application in robot navigation and intelligent control // Computer
vision in advanced control systems using conventional and intelligent
paradigms. Springer Book Ser. 8578. Berlin: Springer, 2014. Vol. 2.
P. 107-130.
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A new real-time method of contextual image
description and its application in robot navigation
and intelligent control

Kiy Konstantin konst.i.kiy @gmail.com
Moscow, Keldysh Institute of Applied Mathematics of RAS

Computer vision and image understanding are of crucial importance
in robotic systems of the future. The ability of finding objects based
on verbal descriptions and templates will be of crucial importance.
For these purposes, a new method of segmentation and description
of color images is proposed and its applications to finding and track-
ing landmarks in real time are given. The structural graph of color
bunches STG, which concisely describes the main information of the
image, is the key point of the approach. The most important in-
formation about the image is described by its contrast objects. In
this paper, new methods that are able to select these objects in the
STG have been developed. For these purposes, left and right germs

(LRG) of contrast objects in STG (continuous left and right contrast

boundary curves in STG) are constructed. On the sets of LRG of con-

trast objects, the structure of a bipartite graph LRG is introduced.

Contrast objects in STG are interpreted as connected components in

LRG and as contrast objects in the image. This technique has been

successfully applied to arrangement of the motion of an autonomous

robot to landmarks with pure visual feedback [1].

This research is funded by RFBR, grants 13-08-01118 and 13-07-

00988.

[1] Kiy K. 2014. A new real-time method of contextual image description
and its application in robot navigation and intelligent control. Com-
puter vision in advanced control systems using conventional and intel-
ligent paradigms. Springer Book ser. 8578. Berlin: Springer. 2:107-130.
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Mounck cTpyKTYypHbIX pa3anyunii n3obpa>keHui

Kopruaos @edop Andpeesun fakornilov@mail.ru

r. Exarepunbypr, HCcTUTYT MaTeMaTUKu U MEXaHUKH

um. H. H. Kpacosckoro ¥YpO PAH

PaccmarpuBaercsa 3amada momcka CTPYKTYPHBIX DPAa3IUdnil Ha
Pa3HOBPEMEHHBIX KOCMHYECKUX CHUMKAX 3€MHOIl ITOBEPXHOCTH, IO
KOTOPBIMU IIOHUMAIOTCSI MTOSIBUBIIUECS] WJIM WCYE3HYBIINE OObEKTHI
MEeCTHOCTH. B KadecTBe OTIIPaBHOM TOYKHU CJIYKUT MOPQOJIOrHIECKHii
anasnn3 n3zobpaxenuit 0. I1. ITerrpesa.

Beomurcs obmas GopMysmpoBKa MOHATHS CTPYKTYPBI H300pa-
JKEHUs U CTPYKTYPHBIX passnunii. [Ipeiaraercsa psj ajropuTMos,
PEIIAoNINX IIOCTABICHHYIO 33/1a49y JJIsl IOy TOHOBBIX N300paKeHuil.
[lepBriit ajiropuT™M OCHOBaH Ha MOP(MOJOrHIECKOM IIPOEKTOpPE, BTO-
poii mpescraBiisier coOOI ero perysispu30BaHHBIA BapuaHT. 1peruit
¥ 9I€TBEPTHIl aJropuTMbl OCHOBAHBI HA METOJE HAMMEHBINX KBaJl-
paToB, a MOCJIEIHUN UCIOIb3yeT MAPKOBCKUE Caydaiiuble moss. s
IIEPBOT'0 AJTOPUTMA IPUBOAATCA METOIUKA ITOCTPOEHUS PacIIpe iesie-
HUSI SIPKOCTU PE3YJIBTUPYIOIIETO N300parKeH!s B CJIyYae BO3MYIIEHUSI
BXO/IHBIX M300parKeHnii a JIUTUBHBIM IIyMOM ¥ OIPEIEITIOTC (HPOop-
MyJIa ONTUMAJIBHOTO IOPOra W OIEHKH OIMMOOK IEPBOrO U BTOPOTO
poma. Ilpennaraercs Tak:ke BapuaHT MOPMOJIOTHIECKOTO IIPOEKTOPA
JI7IsT PADOTHI C IIBETHBIMU U300PAKEHUSIMU.

(bOpl\Iy.HI/IpyeTCH BbIMUC/IUTEJIbHAA METOAUKa CPaBHEHUS aJI'OPUT-
MOB IIOMCKA CTPYKTYPHBIX PA3JIUINN N300parKeHnii U Pe3yJIbTaThl ee
[IPUMEHEHUsI K ONMMCAHHBIM METOAM C IEJIbIO OIPEIeJICHUS UX OITHU-
MaJIbHBIX IIAPAMETPOB, a TAKKe IMPUBOIATCS PE3YIbTATHI CDABHEHUS
KadecTBa pabOThI IPEJIOKEHHBIX AJITOPUTMOB MEXKJy CO0Oi. DKc-
[IEPUMEHTHI HA PEAJIbHBIX JTaHHBIX [TOKA3bIBAIOT, YTO IIPE/IJIOKEHHBIE
AJITOPUTMBI TIOJXOJISIT JIJIsI IPUKJIATHOTO IpuMeHeHus [1].

Pabora BeimosiHEHA B paMKax mporpaMM (DyHIAMEHTAJIbHBIX UC-
crnenosanuii IIpesumnyma PAH npu dbunancosoit nomuepxkke YpO
PAH «/lunamudeckue CUCTEMbl U TeOpUsl ylpaBjieHus» (Ipoekt 12-
I1-1-1022) u «Mudopmanuonuble, yupapisioOlye U UHTEIIEKTYab-
HBIE TEXHOJIOMMU U cucreMbl» (mpoekt 12-11-1-1023).

[1] Koprunos @. A. Ilouck cTpyKTypHBIX pasandnii nzobpakenuii // Ma-

IIHHHOE 00y deHne U aHam3 nansbix, 2014. T. 1. Ne7. C. 902-919. http:

//jmlda.org/papers/doc/2014/no7/Kornilov2014Detection. pdf.
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Structural differences detection on the images

Kornilov Fedor fakornilov@mail.ru

Ekaterinburg, Institute of Mathematics and Mechanics named after
N.N. Krasovkiy, UB RAS

The article is devoted to the problem of structural differences de-
tection at satellite images, taken at different times. Here, structural
changes mean appeared or dissapeared ground objects. The starting
point of the investigation is morphological analysis of images theory
by Yu. P. Pytiev.

In the work, the general notion of the image’s structure and struc-
tural difference are introduced. Several algorithms for solving the
problem for grayscale images are proposed. The first algorithm is
based on the morphological projector. The second algorithm is the
regularized version of the first one. The third and fourth algorithms
are based on the least-square method. The last algorithm uses Markov
random fields. For the first algorithm, in the case of image’s distorsion
with additive noise, the method for computing the resulted image’s
values distribution is given. Also, the formula for optimal threshold
and estimation of the I and II type errors are given. The morpho-
logical projector’s modification for dealing with color images is also
provided.

The computing method for comparison of the algorithms of the
images’ structural differences detection is formulated. The results of
its applying to the considered algorithms for searching algorithms’
optimal parameters and comparing algorithms are given. The exper-
iments with real data demonstrate that the proposed algorithms are
good enough for applications [1].

This work was performed as part of the Programs of the Presid-
ium of the Russian Academy of Sciences with financial support Ural
Branch of the Russian Academy of Sciences (project nos. 12-P-1-1022
and 12-P-1-1023).

[1] Kornilov F.A. 2014. Structural differences detection on the images. Ma-
chine Learning and Data Analysis 1(7):902-919. http://jmlda.org/
papers/doc/2014/no7/Kornilov2014Detection.pdf.
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Tononoruyeckas dpunbTpauns aAns pacnosHaBaHuUs
1 aHanusa cummeTpumn undpoBbIX N300parkeHni
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Mnyxun Baaeputli Bopucosurx mnukhin.valeriy@mail.ru

Taraupor, FOxublit deiepaibHblil yHUBEpCUTET

Psn meromoB o6paboTku m aHam3a MUMPOBBIX M300parKeHMIt
B YACTOTHON OOJIACTH OCHOBAaH Ha (POPMAJIBLHOM IIEPEHOCE CBOUCTB
HEIpepbIBHOTO TIpeobpasoBanust Pyphbe Ha JIUCKPETHBIN CIydail. ITo
3a9aCTyI0 IPUBOJUT K UCKAYKEHUSIM, HA3BIBAEMbIM GAUACUH2 WJIA He-
A0dicenUe.

B pabore anmacuHr paccMarpuBaeTcss Kak CJIEICTBUE PA3JINIHON
TOITOJIOTUU YaCTOTHBIX 00JIACTEH HEMPEPHIBHOIO U JUCKPETHOTO IIpe-
obpazoanuit Pypoe (AIID): cdepbl B HENPEPHIBHOM Cilydae U TO-
pa B mguckpeTrHOM. BBomauTCs omepaTop ob6sepmxu mopa, oTobparka-
omuil GYHKIUKY Ha IUIOCKOCTU B (byHKIuu Ha Tope. JlokasbiBaer-
cst, uro JII® nudpoBoro m3obparkeHus: SIBJISIETCS IUCKPETU3AIIEH
00BepTKHU TOpa HenpepbiBHBIM Dyphe-06pa3oM KyCOTHO-TIOCTOSHHOMN
AITITPOKCUMAITIH ITOTO U300paKeHHsi. DTO MO3BOJISIET IIPEJCTABUTH
HII® cymmoit psga, HAYAJIBLHBIA I€H KOTOPOTO COBIIAJIAET C JIUC-
Kperusaiueii HerpepblBHOIo @ypbe-00pa3a, a MoC/eLyoIe YIeHbl
WHTEPIPETUPYIOTCS KaK BJIUSIHAE BHICOKOYACTOTHBIX TaPMOHHUK.

Ha ocHOBe moJiyueHHBIX PE3yIHTATOB BBOJSTCH <«ONTHUMAJIBHBIES
OIepaTOPhl BPAIEHUS B JUCKPETHBIX YaCTOTHONW M IPOCTPAHCTBEH-
Hoit obsractax. Ilpemraraercss asroputM monoaoz2uveckol guavmpa-
YUY TACKPETHOI'O CIIEKTPA, IO3BOJISIONIANA IOBBICUTD JOCTOBEPHOCTH
paclo3HaBaHUsl U COBMEIIEHUsI ITU(PPOBBIX U300PaKeHUil, a TaK¥Ke
aHaJN3a UX CUMMETPUU B 9aCTOTHOU 0DJIACTH.

Pabora nognepxana rpanramu POOU Ne 13-07-00327-a u Ne 13-
07-13112-odbu_m_ P2K/JI.

[1] Kapruwenxo A. H., Muyxun B. B. Tononorndeckas Gpuiabrpanus st

PACIIO3HABAHUS U AHAJII3a CUMMETPHH UM POBBIX n30bparkenuit, 2014.

T. 1. Ne8 C. 966-987. http://jmlda.org/papers/doc/2014/no8/

Mnukhin2014Topological.pdf.
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Topological filtration for digital images recognition
and symmetry analysis

Karkishchenko Alexander karkishalex@gmail.com
Mnukhin Valeriyx mnukhin.valeriy@mail.ru

Taganrog, Southern Federal University, Russia

A number of methods for digital images processing (say, the Fourier—

Mellin transform method) is based on the formal adaptation of the

continuous Fourier transform properties to the discrete case. As a

result, aliasing errors occur and it is important to control it.

In the paper, aliasing is considered as a topological effect, caused
by different properties of frequency domains of continuous and dis-
crete Fourier transforms (DFT). Indeed, the continuous frequency
domain may be considered as a sphere but it is a torus in the discrete
case.

The present authors define a torus winding operator that trans-
forms functions in a plane (or a sphere) to functions on a torus. It
is shown that the discrete spectrum of an image is the discretization
of the winding of a torus by the continuous Fourier transform of the
piecewise-constant approximation of the image. As a corollary, DFT
is expanded into a series, whose initial term is the continuous Fourier
transform discretization, and the terms are of higher harmonic ef-
fects. The results are applied to the problem of finding the “optimal”
rotations in discrete frequency and spatial domains.

Another application of the stated results is a technique to reduce
systematic errors in frequency domain-based methods for digital im-
ages recognition, registration, and symmetry analysis. It is based on
the continuous Fourier transform of the piecewise-constant approxi-
mation of an image instead of DFT. For this, an algorithm for topo-
logical filtration of the spectrum of an digital image is presented. The
complexity of the algorithm is the same as for fast Fourier trans-
form [1].

This research is funded by RFBR, grants 13-07-00327 and 13-07-
13112-ofi_m_RZhD.

[1] Karkishchenko A., Mnukhin V. 2014. Topological filtration for digi-
tal images recognition and symmetry analysis. Machine Learning and
Data Analysis 1(8):966-987. http://jmlda.org/papers/doc/2014/
no8/Mnukhin2014Topological.pdf.
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KomnnekcuposaHue nHcgpopmauun c
ncnonb3osaHnem N-rpamm npu pacnosHaBaHuu
CUMBOJIbHbIX MOCNef0BaTeNbHOCTEN Ha
BUAeonocaen0BaTeNbHOCTAX

Kapamees Cepeetli JIveosur goga@gosniias.ru
Kocmpomos Huxuma Anexceesun nikita-kostromov@yandex.ru
Bexemosa Hpuna BasenmurosHa irus@gosniias.ru
Busuavmep Oputi Baarenmurosuu viz@gosniias.ru

Mocksa, ®I'VII I'ocHUW aBunarmouHbIX crCTEM

PacnosnaBanune n300pakeHuii HOMEPOB WJIM WIEHTU(DUKAIMOH-
HBIX KOJIOB, TpeOyeT BBICOKOW TOYHOCTH TPHW CUUTHIBAHUM U PACIIO-
3HABAHUM KAXKJIOI0 CHMBOJIA. V300pakeHusi MOJO0OHBIX CHUMBOJIbHBIX
MIOCJIeTOBATEIbHOCTEN He HecéT m30bITouHON nHMpopMarmn. 3mene-
HEe JIIOOOTO CUMBOJIA BEJIET K IOSBJIEHUIO HOBOT'O COJIEP2KAHUS, KO-
TOpOE, B MPUHIIAIE UMEET CMBICJ. CTPOK TakKoro tuma. Koppekius
Henm30eKHBIX OIMMMOOK PACIIO3HABAHUS JTOCTUTAETCS 38 CUET yBearde-
HUS 00bEMa BXOAHON MHMOpPMAIUU. JTO [IO3BOJIAET BBIABUTL BHYT-
PEHHIOI CTPYKTYPY ¥ OIIEHUTDb BEPOITHOCTHBIE XapaKTePUCTUKU. AJ-
TOPUTM OIIPEJIe/ICHUST UCXO/THON MHMOPMAITUN OCHOBBIBAETCS Ha Te-
HETUYECKOM aJITOPUTMeE, OCYIIECTBJISIIONIEM YIIPABIISEMYIO IBOJIOIIIO
[IpeIBApUTEIHHO COPMUPOBAHHBIX MTPABIONON0OHBIX rumoTes. Pop-
MUPOBAHUE TUIIOTE3 O COJAEPKAHUU CUMBOJIBHOM ITOC/IE0BATEIbHOCTH
" pa3dmeHne MHOXKECTBA BXOIHBIX CHMBOJIBHBIX CTPOK Ha MACCHBDI
9KBUBAJIEHTHBIX CJIOB OCYIIECTBJIISIETCS C UCIOIb30BaHneM MeToja N-
rpaMm. it OTIEHKU SKBUBAJECHTHOCTH AHAJU3UPYEMBIX CJIOB U TI0-
WCKa HAWJIYYINero 3HAYEHUsI UCIOJIb3YIOTCsT (DYHKIIMOHAJBI HA OCHO-
Be paccrosians JleBenmreitna. [Ipusemennsr pe3yabTaThl paboOTHL aaro-
pHUTMa ¢ PEAJbHBIME 3aIMUCIMHU, TTOJTYIEHHBIMI TIPU paboOTe CUCTEMBbI
pacIio3HaBaHUsl HOMEPOB BArOHOB U MOJIEJTbHBIME JTAHHBIMU.

[1] Kapamees C.JI. Komunekcuposanue nHdbOpManul € HCIOJIb30BAHU-
eMm N-rpaMM npu pacro3HaBaHUU CUMBOJIBHBIX ITOCJIEIOBATEILHOCTEH

Ha BwujeonocienoBaresbHocTax, Mocksa: OO0 Usparenbckuit mom

Cuekrp, 2014. — C.15-24. http://vkit.ru/papers/doc/2014/no6/

Karateev2014.pdf.
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The complex information processing based on
U-gramms for error correction in recognized video
sequences of symbols

Karateev Sergeyx irus@gosniias.ru
Kostromov Nikita nikita-kostromov@yandex.ru
Beketova Irina irus@gosniias.ru
Vizilter Yuri viz@gosniias.ru

Moscow, State Research Institute of Aviation Systems

For recognition of identification codes or numbers images , require
high accuracy during readout and recognition of each symbol. The
visual images of corresponding sequences of symbols usually does not
contain redundant information. A change in any symbol leads to the
appearance of the new content, which, in principle makes sense. The
correction of the inevitable errors of recognition is achieved due to an
increase in the volume of input information. This makes it possible to
reveal internal structure and to estimate probability characteristics.
The algorithm of the determination of initial information is based on
the genetic algorithm, achieves the controlled evolution of the pre-
liminarily formed plausible hypotheses. The formation of hypotheses
about the content of symbolic sequence and the partition of the set
of input symbolic lines into the massifs of equivalent words is accom-
plished with the use of a method of u - grams. For evaluating the
equivalence of the analyzed words and search for the optimum value
are used the functionals on the basis of the Levenshteyn distance. The
results of the work of algorithm with the real records, obtained with
the work of the system of the recognition of the numbers of railroad
cars and model data is proposed.

[1] Karateev S. The complex information processing based on U-gramms
for error correction in recognized video sequences of symbols // Herald
of Computer and Information Technology, Moscow: Publishing house
Spectrum, 2014. — p. 15-24. http://vkit.ru/papers/doc/2014/no6/
Karateev2014.pdf.
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Mcnonb3oBaHue knacTtepHoro aHanausa
ans undposoi ctabunmsaumm
BuaeonocsegoBaTenibHoOCTer

Kapnos Poman Oaezosurx karpovro@gmail.com
Konwvnios Andpeti Banrepuesuy And .Kopylov@gmail.com

Tyua, Tynbckuil rocy1apCTBEHHBIN YHIBEPCUTET

Baxkmoit cocrapistionieit 1acTbi0 MPAKTUIECKHA JTIOO0# CHCTEMBbI
BHJIEOHAOJIIO/IEHNS SBJISI€TCS IIOJICUCTEMa CTaDU/IM3aIUU BHJIEO0, 3a-
Jata KOTOPOH 3aKJ/II0YaeTCs B KOMITEHCAIIUN HEYKEJIATETHbHOIO MEXK-
KaJIPOBOT'O CMEITeHNsI, KOTOPOe MOXKET IIPUCYTCTBOBATH U3-3a BUOpPa-
nuu pu cbeMke. [Ipemiaraercs BBeCTH JTOMOTHATEHHBIN AT B IIPO-
1ecc mudPOBO BUIEOCTAOMIN3AINHN — KJIACTEPU3AIUIO B IBYMEPHOM
IIPOCTPAHCTBE, C(OOPMUPOBAHHOM BEKTOPAMHU JIBUYKEHUS JIOKAJIBHBIX
0ocobDeHHOCTEll Ha MOCJeIOBATEIbHBIX Kajpax. Kiacrepuzarus 1mos-
BOJIsteT 3 MHEKTUBHO PA3IEIUTh IJI00ATHHOE JIBIHYKEHUE KaMEpPbl OT
JIOKAJILHOT'O JIBU2KEHUSI OOBEKTOB U YAAJUTH OIMMUOOYIHO ITOCTPOEHHBIE
BEKTOPBI JIBM2KeHUsi. BBeJieHNe K/IacTepu3alny O3BOJISIET CHU3UTH
TpebOBaHUs K TOYHOCTH U YCTONIMBOCTH METOJA IIOCTPOEHHS BEKTO-
POB JIBUKEHUSI U B TO K€ BPEMsI He TPeOYeT MCIIOJb30BAHUS CJIOXK-
HBIX U TOYHBIX aJTOPUTMOB KJacTepusanuu. B oTu4dne OT cerMeH-
raruu win nporeaypsl RANSAC, gacto ucnojib3yeMbIx Jijist BbIJe-
JIeHUsI TJI00AJIbHOTO CMEINEHNSI, IS OIEHKN IIapaMeTPOB JBUKEHUS
MO2KHO HCIIOJIb30BATH JIIOOON M3 IOJIyUIEeHHBIX KJIACTEPOB I10 BBIOODY
rosib30BaTess. cnosib3oBanie caMoro HAIIOJTHEHHOTO KJIACTEPA, KaK
[IPaBUJIO, COOTBETCTBYET CTAOMJIM3AIIY JIBUKEHUsI (DOHA, & UCIIOJIB30-
BaHME KaKOr0-JInOO JIPYroro Kjaacrepa — crabmim3anuu Ha OO0beKTe
Wik TpyIie 00bEeKTOB, UMEIOIINX CXOXKee HAIPABJIEHUE BUKEHUS.
st BBIZEIeHNsT HeXKeMaTeIbHOM CIyIaiiHON COCTABISIONEN TBUKe-
HUS ucToib3yercs GuabTp Kaavana. B urore st KoMmmeHcanyum ciry-
JaffHOTO JIBUKEHUsT KaMePbl K TEKYIeMy KaJpy IpUMeHsieTcs ad-
bunHOE NIpEobpasoBaHue ¢ OlEHEHHBIME TapaMeTpamu [1].

Pabora mognep:xana rparrom PODU Ne12-07-92000.

[1] Kapnos P.O. Konvwos A.B. Vcnonb3oBanue KIacTEPHOTO AHAIMA3A

Jutst 1 POBOI CTabMIM3AIMK BHIEOIIOCe[0BaTeabHocT e // Marus-

Hoe o0y4eHne u aHaJu3 JaHHbIX, 2014 (B nevaTn).
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Clustering for digital video stabilization

Karpov Romanx karpovro@gmail.com
Kopylov Andrey And.Kopylov@gmail.com

Tula, Tula State Univercity

Video stabilization is one of the necessary parts of almost each ob-
ject tracking or video surveillance system. The goal of video stabi-
lization is to compensate unwanted interframe transformations that
can be produced by camera shakes and jitter or can be caused by
disadvantages of camera mount and so on. Here, the additional stage
of a video stabilization process, namely, cluster analysis in a two-
dimensional space formed by the interframe motion of local features,
is introduced. Such clustering lets to separate local and global motion
and remove wrong motion vectors. In the considered case, clustering
allows to reduce requirements for both motion vectors construction
and clustering algorithm accuracy. As opposite to the RANSAC pro-
cedure or a segmentation that are frequently used to separate the
global motion, each cluster selected by user can be used to estimate
the motion parameters. The choice of the most rich cluster corre-
sponds, as a rule, to the background motion stabilization, and using
other clusters corresponds to an object or same moving objects mo-
tion stabilization. Kalman filter is used to separate an undesirable
random motion component. As a result, affine transform with esti-
mated parameters is applied to the current frame to compensate the
unwanted motion [1].
This research is funded by RFBR, grant 12-07-92000.
[1] Karpov R., Kopylov A. 2014 (in press). Clustering for digital video
stabilization. Machine Learning and Data Analysis.
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Anropntm aBTOMaTU4ECKOro COBMeELLEHUSA
CEHCOpPHOW 1N cuHTe3upyemon BuaeomHdopmMaumm
ANSt aBNALMOHHOW CUCTEMbI KOMOMHMPOBaAHHOIO
BMAEHUSA

Jlebedes Maxcum Aanexceesurvx lebedev_maxim@list.ru
Bondapernrxo Maxcum Arndpeesuy max .bond@bk.ru
Komapos Jlenuc Banepvesuny mrkomap@mail.ru
Cmenanvany Jmumput I'eopezuesuy robin80810@gmail . com
Buwizonroe Onez Bavecaasosun o.vygolov@gosniias.ru
Busuavmep Opuii Basrenmurosuw viz@gosniias.ru
2Keamos Cepeeti IOpvesuy zhl@gosniias.ru

h/[OCKBa7 FOCy,HapCTBeHHbeI Hay‘{HO-I/ICCJIe,HOBaTe.HbCKI/Iﬁ UHCTUTYT
ABHUAIIMOHHBIX CUCTEM

OpHOIl M3 aKTyaJbHBIX 33Ja9 WHTEJIEKTYaJU3anun obpaboTKu
BUONH(MOPMAINY B ABUAIMOHHBIX CHUCTEMAaX WH(MOPMAIMOHHOM 0,1
JEepKKA IKUMAYKa SABJISETCH oDecrieueHne peknMa «KOMOWHUPOBAH-
HOT'O BUJICHHS» 3aKAOMHHOI'O IIPOCTPAHCTBA HA OCHOBE COBMEIIEHUS
JIBYX M306paKeHuii — ceHcopHOro (0T GOPTOBOIO JaT4IMKa TeXHIYe-
CKOTO 3peHusi) u TpexMepHoro (3D) u306paskeHns: MECTHOCTH, CHHTE-
3UPYEMOro ¢ UCIOJIb30BAHNEM 3HAYEHUN MTIIOTAYKHO-HABUTAITMOHHBIX
mapaMeTpoB BO3IYIIHOTO CY/IHA, M3MEPSIEMBbIX C IIOI'DEITHOCTSIME.

IIpemyioxken ajaropuTM aBTOMATAYECKOTO COBMEIEHNUS CEHCOPHO-
0 U CHHTE3UPOBAHHOIO N300PAKEHUN, BKIIIOYAIONINI TPH OCHOBHBIX
srana: oOHAPYKEHNe Ha CEHCOPHOM M300parKeHnr TOYEK B3JIETHO-TIO0-
cagounoii nosocer (BIITI) ¢ ucnosbzoBanmeM MOAUQMUIMPOBAHHOIO
npeobpazoBanns Xada, BHEITHEE OPUEHTUPOBAHNE BUPTYAJIBHONU Ka-
mepsbl 1o ToukaMm BIITI, cuare3 3D m3o00parkenus ¢ yaeToM MOIPaBOK
MIPOIIeIyPbI BHEIIHEro OpueHTupoBanusi. lIpuBeiens! npuMeps! u pe-
3YyJIbTaThI pa6OTI)I AJITOpUTMa TP MOJICJIMPOBAaHUU peaJIbHbIX TPaeK-
Topuii 3axoa Ha mocauky [1].

Pabora mogmeprkana rpantom PO®I Ne13-08-01071.

[1] JIe6edes M. A., Bondapenko M. A., Komapos J. B., Cmena-
noany /. I., Bueoaos O. B., Busuavmep FO. B., 2Keamos C. FO. Anro-
PUTM aBTOMATHUYIECKOI'O COBMEIIICHUSA CeHCOpHOﬁ n CHHTe3preMOﬁ BU-
neonH(MOPMAIUN JJIsi aBUAIMOHHON CHCTEMbl KOMOMHUPOBAHHOTO BH-

neHusi // BecTHMK KOMIIBIOTEPHBIX U MHMOPMAIMOHHBIX TEXHOJIOTHIA,
2014 (B meuarn).
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An algorithm for real and synthetic images matching
with application to aviation combined vision system
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Moscow, State Research Institute of Aviation Systems

A Combined Vision System (CVS) display concept is among the ur-

gent tasks of intelligent video processing in aircraft systems, which

intend to provide information support of a flight crew. It combines

a real image from onboard optical sensor with a three-dimensional

computer-generated synthetic image. To create the CVS image,

a problem of real and synthetic images matching should be solved,

since the latter is generated by relying on the information of an air-

craft current position which is measured with errors.

The paper presents an algorithm for real and synthetic images
matching based on runway points detection using modification of Pro-
jective Hough Transform. The exterior orientation of virtual camera
is performed using the detected runway points to deliver a pixel cor-
respondence between the real and synthetic images.

The paper contains some experimental results obtained on sim-
ulated data. It is shown that on the base glidepath, the algorithm
provides CVS image with required accuracy — even in the case of sig-
nificant navigation errors (up to 10°) [1].

This research is funded by RFBR, grant 13-08-01071.

[1] Lebedev M., Bondarenko M., Komarov D., Stepaniants D., Vygolov O.,
Vizilter Yu., Zheltov S. 2014 (in press). An algorithm for real and syn-
thetic images matching with application to aviation combined vision
system. Herald of Computer and Information Technologies.
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MeTopa BCcTpanBaHus nHgopmauun
B BuaeonocaenoBaTesibHOCTU, CTONKNUIA
K OLINOKaM noTepu CUHXPOHU3aALNN

Mumexun Bumaauili Anamonvesuyx mitekin@smr.ru
dedoceee Buxmop Andpeesun vicanfed@gmail . com

Camapa, ICOU PAH

B pabore mpencraBiieH HOBBII MeTOZ, CTEraHOrPahUIECKOrO
BCTpanBanus nHGOPMAIUU B Iu(POBbIE BUIEOIIOC/IEI0BATEILHOCTH,
He TPeOyYINii BpeMeHHOH CMHXPOHM3AIIUU UCXOIHOM BUJIE0TIOCIEI0-
BaTE/IbHOCTU W BUJIEOIOC/IEIOBATEIbHOCTH CO BCTPOEHHON mHMOpMa-
nwmeit. anHast 0cOOEHHOCTH MeTo/1a 00YCJIOBJINBAET BBICOKYIO yCTOM-
9UBOCTHh METOJA K HEIIPETHAMEPEHHBIM 1 HAMEPEHHBIM OIMNOKAM Jie-
CHHXPOHU3AIANA — T. €. K IPOIYCKY U 3aM€eHe OT/EJbHBIX KaJIPOB, &
TaKkKe K M3MEHEHUIO MOPsI/IKa CJIEIOBAHUS KaJIPOB .

B pabore 1poBejieH psiJi BBIYUCJIUATEBHBIX IKCIIEPUMEHTOB, I10-
Ka3aBIUX CTOMKOCTh METOJIa KaK K HelpeIHAMEDEHHBIM OIMHOKAM
JECHHXPOHU3AINH, TaK W K IIPEJHAMEDEHHBIM ATaKaM, HaIPaBJICH-
HBIM Ha O0HApY?KeHre U IPUOJIMKEHHOE BBIYUCIEHNE BCTPOSHHON NH-
dopmanuu 6e3 3HaHUA Kiaoda. [lokazaHo, 4TO TPEITOKEHHBIA Me-
TOJ BCTPAUBaHUsl [TO3BOJISIET BOCCTAHABJIMBATH BCTPOEHHYIO MHQOP-
Maruio pu yaaaenun g0 30% KaJapoB MCXOTHON BUIEONOCIIEN0BA-
TesbHOCTH. KpOMe TOro, B X0/1€ SKCIIEPUMEHTOB IIOKa3aHa, yCTONIN-
BOCTH MeTO/a K Hambojiee TUIUYIHBIM JJIsi BHUIEOIOCIEI0BATEHHO-
creil nckarkeHusiM (CKaTHhe ¢ [0TepsIMU, Kajpuposanue). Bolio npo-
BEJIEHO CPaBHEHUE IIPEJIO?KEHHOI'0 METOJIa C METOJOM KOJIUPOBAHIUS
Jsitu u MakKest, Takzke 0becrieqnBaromuM KOPPEKTHOE BOCCTAHOB-
JIEHEe BCTPOEHHOI MH(MOPMAIHU [IPYU HAJIMYUN OIMTUOOK JTeCUHXPOHU-
zamuu. [lokaszaHo, 9TO [UIsi OrpaHUYEHHBIX OOBEMOB BCTPAMBAEMOI
urdopmanyu (10 704 6ur) npeoKeHHbI MeTo | 061a1aeT GoJIbIIeit
KOJIOBOH CKOPOCTBIO, T. €. 0becrieanBaeT OOJBINN 06beM BCTpanBae-
Moii nHbOpMaUK Ha KaJIp BUJIEOIOCIe[0BaTebHOCTH [1].

Pabora BeimosiHena mpu nojiiepKKe rpanTa npesugenta PO MK-
3863.2013.9.

[1] Mumexun B. A. ®@edocees B. A. Meron BcTpamBanms waHbOpMaIUU B

BHUIE0II0C/I€JOBATEJIbHOCTH, CTOMKHI K OINOKAM IIoTEpU CHMHXPOHU3A-

muu // Kommbiorepnas ontuka, 2014 (B mewgaTn).
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A new method for high-capacity information hiding in
video robust against temporal desynchronization

Mitekin Vitalyx mitekin@smr.ru
Fedoseev Victor vicanfed@gmail.com

Samara, IPSI RAS

This paper presents a new method for high-capacity information hid-
ing in digital video and also algorithms of embedding and extraction
of hidden information based on this method. These algorithms do not
require temporal synchronization to provide robustness against both
malicious and nonmalicious frame dropping (temporal desynchroniza-
tion). Also, due to randomized distribution of hidden information bits
across the video frames, the proposed method provides hidden infor-
mation robustness against “watermark estimation” attack aimed at
detection or extraction of hidden information without knowing the
embedding key. The presented experimental results demonstrate this
feature of the proposed method.

Experimental investigation also has shown method’s robustness
against frame dropping (hidden information can be extracted cor-
rectly after deleting up to 30% of host video frames). At the same
time, the proposed method provides high robustness against com-
mon video processing operations (lossy compression using MPEG-4
and MJPEG algorithms, frame cropping).

Also, the experiments showed that the proposed algorithm allows
to achieve a higher code rate compared to the redundant coding al-
gorithm for information transmission over channels with insertions,
deletions, and substitutions (Davey and MacKay) for message length
up to 704 bits [1].

This research is funded by the Russian President Grant for young
scientists MK-3863.203.9.

[1] Mitekin V., Fedoseev V. 2014 (in press). A new method for high-
capacity information hiding in video robust against temporal desyn-
chronization. Computer Optics.
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Ioaynanos Anexcandp Pédoposun’? sashapb5@mail . ru
Anuyunepos Bavecnras Eezenvesun' antciperov@cplire.ru
JTuturoe Hezopo Hezopesuw’ lychkovi@gmail.com
Aagumues Aaexcarndp Hurxoraesur® alfim@bmstu.ru

Jesamxoe Baadumup Basrenmurnoeun®  deviatkov@iu3.bmstu.ru
'"Mocksa, IPD um. B. A. Korenpaukosa PAH

2MockBa, MOCKOBCKHIT TOPOJICKOM IICHXOJIOrO-II€1ar O IECK Uil
YHUBEPCUTET

3 Annaxaban, Vaauiickuit ”ECTUTYT HHAMOPMAIMOHHBIX TEXHOJIOTHIA
“Mocksa, MI'TY um H.D. Baymana

Paccmorper Meron MHTENIEKTYyaIbHOTO BHIEOMOHUTOPUHTA aHO-
MAaJIBHOTO TIOBEJEHUS JIIOJIel Ha OCHOBE JIOTMIECKOTO IIPOrPaMMUIPO-
Banusi. MeTo/1 OCHOBAH HA MCIIOJb30BAHUY JIOTHKH [IEPBOIO IOPSIKA
JJ1s1 OIIUCAHUS] PA3/INYHBIX CJIyYaeB aHOMAJIbHOI'O IIOBEJEHUs, TAKUX
KaK JIpaKa, OCTABJICHHDBIN TTPEJIMET, ITPA3/THOMIATAHIE, HEITOIBUKHBIT
qeIoBeK U Jp. s TeXHUYeCKO# IMOIJIEPKKU HCCJIEOBAHUI B 00-
JIACTU MHTEJIEKTYAJbHOTO BUICOHADJIIOIEHNsT CO3aHa IPOIPAMMHAS
wrardopMa Ha OCHOBE MTaPAJIIEIBHOIO 00 bEKTHO-OPHEHTUPOBAHHOTO
Jornveckoro sizbika Akropubril [Iposor u Tpancisitopa u3 AKTop-
woro IIposora B /IkaBy. Obcyzkmaercss mpobiemMa aBTOMATHIECKOTIO
CHHTEe3a JIOTMYECKHX INPABUJI PACIO3HABAHUS CJIOXKHOTO IOBEICHUS
00bekToB. PaccMoTpena mpobsiema pa3spaboTKi BCTPOEHHBIX KJIACCOB
Axropuoro IIposiora syis Hu3KOypoBHEBOIT 06paborku Buzeo [1].

IIpoekT momnepxkan POOU, rpant 13-07-92694, a takxke MumHu-
crepcrBoM Hayky u TexuHukn Uuann, rpant DST P-159.

[1] Morozov A. A.,  Vaish A., Polupanov A. F.,  Antciperov V. E.,
Lychkov I. 1., Alfimtsev A. N., Deviatkov V. V. Development
of concurrent object-oriented logic programming system to
intelligent monitoring of anomalous human activities // Conference
(International) on Biomedical Electronics and Design Proceedings,
2014. doi: 10.5220,/0004929400530062.
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Development of concurrent object-oriented logic
programming platform for the intelligent monitoring
of anomalous human activities

Morozov Alexei'? morozov@cplire.ru
Vaish Abhishek® abhishek@iiita.ac.in
Polupanov Alexander'? sashap55@mail.ru
Antsiperov Viacheslav antciperov@cplire.ru
Lychkov Igor* lychkovi@gmail.com
Alfimtsev Aleksandr® alfim@bmstu.ru
Deviatkov Vladimir® deviatkov@iu3.bmstu.ru

'Moscow, Kotel’nikov Institute of Radio Engineering and Electronics RAS
2Moscow, Moscow State University of Psychology and Education

3 Allahabad, Indian Institute of Information Technology

4Moscow, Bauman Moscow State Technical University

The logic programming approach to the intelligent monitoring of
anomalous human activity is considered. The main idea of this ap-
proach is to use first-order logic for describing abstract concepts of
anomalous human activity, i.e., brawl, sudden attack, armed attack,
leaving object, loitering, pickpocketing, personal theft, immobile per-
son, etc. A research led software platform based on the Actor Pro-
log concurrent object-oriented logic language and a state-of-the-art

Prolog-to-Java translator for examining the intelligent visual surveil-

lance has been created. A method of logical rules creation is consid-

ered in relation to the analysis of anomalous human behavior. The
problem of creation of special built-in classes of Actor Prolog for the

low-level video processing is discussed [1].

This research is funded by the Russian Foundation for Basic Re-
search, grant 13-07-92694, and Department of Science and Technol-
ogy, Government of India, grant DST-RFBR P-159.

[1] Morozov A.A., Vaish A., Polupanov A.F., Antsiperov V.E., Ly-
chkov I.1., Alfimtsev A.N., Deviatkov V.V. 2014. Development of
concurrent object-oriented logic programming system to intelligent
monitoring of anomalous human activities. Conference (Interna-
tional) on Biomedical Electronics and Design Proceedings. doi:
10.5220,/0004929400530062.
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Anrebpanyeckune cBoiicTBa onepaTopos
pacno3HaBaHusi B MOAeNsiX 3puTenbHOro
BOCNPUATUS ANHAMUNYECKUX CLEH

ITaros Aanexcardp Hzopesuy pan@isa.ru
Mocksa, ICA PAH

PaccmaTpuBaercst 3a/1aua MoJie TMpOBaHUsT 3PUTEIHHOTO BOCIIPH-
artusi. [IpuBOASTCS OCHOBHBIE TPUHITANBI MOCTPOCHUST HUCXOIATIIAX
Mojesiell, K KOTOPBIM OTHOCSATCS MEPAPXUIHOCTD, CIIOCOOHOCTH BbI-
JIBUTATH TUTIOTE3bI, CIOCOOHOCTH PACIIO3HABATH KAK CTATUCTUYIECKUE,
TaK U JUHAMUYIECKUE CIEHBI, yIipaBiasgeMocTb. Ha ocHOBe 3TUX puH-
[UATIOB PUBOJIUTCS (POPMAJIBHOE OIpPEie/IeHne PACIIO3HAONEro 010~
Ka KakK 0a30BOr0 MaTEMATHIECKOrO OOBHEKTa OOJIBIMTUHCTBA MOIEEit
pocupusTus. ONUCHIBAETCH aJrOPUTM €ro paboThl B TEPMUHAX TEO-
pun ympasjienusi. Ha ocHOBe ajropurma CTPOSTCS JIBa THUIIA, OIe-
pPaTOPOB DACIIO3HABaHMsl: craruueckue u jauHammdeckue [1]. IIpo-
BOJIUTCS TIOCTAHOBKA KJIACCUYECKON CTATUYECKONH WM JIUHAMUYECKON
3aJla4 paCIlO3HABAHUSI U UCCJEIYIOTCS CBONCTBA KOPPEKTHOCTH IIO-
CTPOEHHBIX OIIEPATOPOB € MCIOJIH30BAHIEM AJTeOPANTIECKOT0 TIOIX01a,
10. 1. ZKypasiesa.

Pabora nmopnepxkana rpanrom PODU Ne14-17-31194.

[1] Hanoe A. H. AnreGpamdeckue CBOWCTBa OLEPATOPOB PACIO3HABAHUS B
MOJZIE/IIX 3PUTENBHOrO BOCIPHUATHS JUHAMHYIECKHX crueH // Mammn-
HOe oOyueHue u aHayn3 manabix, 2014. T. 1. Ne7. C. 863-874. http:
//jmlda.org/papers/doc/2014/no7/Panov2014Algebraic.pdf.
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Algebraic properties for recogniton operators in
modeling visual perception of dynamic scenes

Panov Aleksandr pan@isa.ru
Moscow, ISA RAS

The article discusses the problem of modeling of visual perception

and main principles of top-down models: hierarchy, the ability to

propose hypotheses, the ability to recognize both statistical and dy-
namic scenes, and controllability. On the basis of these principles,
the formal definition of a recognition unit as a basic mathematical
object of most models of perception is proposed. An algorithm for
this work is described in terms of control theory. On the basis of this
algorithm, two types of recogniton operators (static and dynamic)
are constructed [1]. Classical static and dynamic formulations of the
recogniton problem are performed and algebraic properties of opera-
tors constructed are studied using the theory of Yu.I. Zhuravlev.

This research is funded by RFBR, grant 14-17-31194.

[1] Panov A. 2014. Algebraic properties fo recogniton operators in mod-
eling visual perception of dynamic scenes. Mashine Learning and
Data Analysis 1(7):863-874. http://jmlda.org/papers/doc/2014/
no7/Panov2014Algebraic.pdf.
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Ncnonb3oBaHue B3ammHoi nHcpopmaumn
KakK ueneBoi pyHKUUN KayYecTBa OLEeHUBaAHUSA
napamMeTpoB n300pa>keHuii

Tawnaurckut Aaexcardp I'puzopvesun tag@ulstu.ru
Boponose Cepezetli Bacuavesurux s.voronov@ulstu.ru
r. Ynbsuosck, PI'BEOY BIIO Ynl'TVY

Paccmorpeno ucrosib30Banme B MCEBIOIPAIMEHTHBIX TPOIETYPax
OIIEHMBAHUS TAPAMETPOB M300PaKEHUI B KadecTBe IEJeBOU (yHK-
1 B3anMmuoi naGopMaryn (BU). OcHOBON HaX0XK I€HUST TICEBOTPa-
muenTa BU sBisieTcst oneHKa IMJIOTHOCTU PacCIpeiesIeHUsl BEPOSITHO-
creit (IIPB) sapkocreii nzobparkenuii 1o JokajabHOR BeIGOPKE. X0Opo-
mree KadecTBo onennBanusa [IPB obecrienBaer merosn okna [lap3sena.
OHAKO OH JIaeT HU3KYI0 TOYHOCTH HAXOXKJEHWS IICEBOIDAIUEHTa
BU u tpebyer 3HaMUTEILHONO 00beMa JIOKAJbHON BbIOOPKH. C 11e-
JIBIO COKPAIIEHUsI BBIYUCIUTE/IbHBIX 3aTPAT IPEJJIOXKEH CII0CO0 OIeH-
KU SHTPOIMUK N300PasKeHNH, OCHOBAHHDIN HA MIPOIELYPE CKOIL3SIIIETO
KOHTPOJISI ¥ TIO3BOJISIIOIININ 110 CPABHEHHIO ¢ M3BECTHBIM AJITOPUTMOM
EMMA (Efficient Mixed-Model Association) cokparurb 06beM Bbl-
6opku 710 2 pa3. [Ipu 970M BEIYUCUTEIbHBIE 3aTPATHI Ha, HAXO0XK IEHUE
sHTponMK n3obpazkenuii cokpamaiorca Ha 10%—12%. Ipu ucnoaszo-
BaHUU MeToJ[a OKHa llap3eHa OIEHKY TPOM3BOIHBIX SIDKOCTH OTCYE-
TOB 0 TPOCTPAHCTBEHHBIM KOODJMHATAM PUXOIUTCS UCKATH 9epe3
KOHEYHBIE Pa3zHOCTH. TOYHOCTH ITHX OIEHOK, a B KOHEYHOM HUTOTE
u tcepjorpajuenta BU, 3aBucuT oT mpuUpaIeHuii, NCroJb3yeMbIX B
KOHEUYHBIX pa3HOCTsIX. [[poaHa/im3npoBaHbl BO3MOYKHOCTH MIUHIMU3a~
nuu morpemuoctn Haxoxaenust [TPB sspkocreit m3obpaskennii 3a caer
OTNITUMU3AIMN BeJIMIUHbBI Ipuparienuii. [lokazano, 9To onTuMaJbHbIE
3HAYEHUST OIPEJIEIISTIOTCS BUIOM KOPPEJISIITMOHHON (byHKITH n300pa-
JKeHUil 1 OTHOIeHneM curHas/myM. [lpu mceBgorpameHTHOM Olle-
HUBaHUU [1APAMETPOB MEXKKAJIPOBBIX I'€OMETPUYECKUX J1eOPMAIIHii
n300paXkKeHuil NCIIOIb30BAHNE OIITUMI3AINH IAeT TIOYTH JBYKPATHBII
BBIMIPBIIN B ObicTpoaeiicTsun [1].

Pabora mognepxkana rpaarrom PODOU Ne13-01-00555-a.

[1] Tewnunckui A. I., Boponos C. B. Vicnonb3osanue B3auMHON uHDOD-

MaIlu1 KaK H‘eJIeBOI‘/'I (byHKLH/II/I KadeCTBa OlIEHUBaHUS ITapaMeTpOB I/I306-

paxenmit // ABromarmsanus mporeccos yupasiaenus, 2014. Ne3.
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On the use of mutual information as objective
function for image parameters’ estimation

Tashlinskiy Alexander tag@ulstu.ru
Voronov Sergeyx s.voronov@ulstu.ru

Ulyanovsk, Ulyanovsk State Technical University

The use of mutual information (MI) is considered as an objective
function for stochastic gradient image parameters’ estimation. One
of the main steps of mutual information gradient estimation is esti-
mating the probability density function (PDF) of image intensities
using image sample. Parzen window estimation provides a good es-
timation quality. However, it gives low mutual information gradient
estimation accuracy and requires reletively big sample. In order to
reduce the computational cost, use of a rotation estimation proce-
dure for image entropy calculation is suggested. In comparison with
well-known EMMA (Efficient Mixed-Model Association) algorithm,
it allows to reduce the sample used for calculation twice. This results
in reducing the computational cost of entropy estimation approxi-
mately by 10%-12%. When using the Parzen window algorithm, the
derivatives of samples’ intensities in the spatial coordinates should
be estimated using the finite differences. The accuracy of these esti-
mates and MI gradient estimation depend on the increments used in
finite differences. The possibilities for error minimization finding PDF
image brightness by optimizing the values of the increments are ana-
lyzed. It is shown that the optimal values are determined by the form
of the correlation function of images and signal-to-noise ratio. When
using stochastic gradient descent algorithm for image registration, it
results in double gain in performance [1].

This research is funded by RFBR, grant 13-01-00555-a.
[1] Tashlinskiy A.G., Voronov S.V. 2014. On the use of mutual informa-

tion as objective function for image parameters’ estimation. Automa-

tion of Control Processes 3.
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O 3aBUCMMOCTU TOYHOCTM MOPPONOrNYECKOro
a/iropuTMa O0Hapy>XeHUsl rpy3a Ha BUIOYHOM
norpy3ymke oT MHTEHCUBHOCTU aAAMTUBHOIO LLIyMa

Yeproycos Baadumup Oaezosurx v.chernousov@mail .ru
Casuenro Andpetli Baadumuposur avsavchenko®@hse.ru

Hmxunit Hosropon, HI1Y Beicmias mkosia SKOHOMUKH

Uccuenyercsa 3ama4ya obHAPYKEHUS JBUAKYIIETOCA BUIOYHOI'O T10-
rpy34uKa Ha BUJIEO [PU HAJIUYAKA PE3KUX WU3MEHEHUIl OCBEeIeHHO-
CTU IIPU HEBBICOKOM DPa3pEIeHnN JAHHBIX, B KOTOPO TOYHOCTH TPa-
JIUIMOHHOTO COIIOCTABJIeHUs JIOKAJIbHBIX jeckpunropos (SURF —
speeded up robust features, SIF'T — scale-invariant feature transform,
FAST — features from accelerated segment test, ORB — oriented
FAST and rotated BRIEF) ne mocrarouna.

IIpeioxKeH HOBBIH aJIrOPUTM, Ha [IEPBOM JTalle KOTOPOIO Ha KaJl-
p€ BBLIEIAIOTCS JIBUKYIHECT OOBEKTHI ¢ moMoIibio Meroma MHI
(motion history image), nocJie dero ua mepeueil yacTu 06GbeKTa HAXO-
JUTCS TOTEHITNAJIbHAs 00/1acTh BUJI 1 Ipy3a. Ha BTopoMm sTarre omnepa-
TOpoM KeHHM BBIJIE/ISIIOTCS KOHTYPBI, 3aT€M € IIOMOIIbI0 MOPQOJI0-
TUYECKUX [IPeodPa30BaHUl BBIYUCISIIOTCS 3JIEMEHTAPHBIE T€OMETDU-
qeckue Npu3Haku o0bekTa. [lokazaHo, 9TO MOIXOI, UCIOJIb3YIONIi
OTPAHUYIUBAIOIIIE IPIMOYTOJbHIKH B KAIECTBE KPUTEPHUsI IIOUCKA, ITYy-
CTBIX BHWJI TIOTPYy34nKa, 103BosisseT Ha 40% IOBBICUTH TOYHOCTH JIe-
TEeKTUPOBAHUS I'Py3a IO CPABHEHUIO C JIOKAJIBLHBIME JECKPUIITOPAMUI
U SIBJISIETCS YCTOMYMBBIM K a[INTHBHOMY IIIyMY, a 00pabOTKa, OJIHOTO
KaJipa mpoucxoauT B cpeaaeM Ha 30 Mc ObicTpee. Pesysibrars! mosry-
4yenbl Ha Bugeomanubix kommanuu 1SS (Intelligence Secure Systems,
http://www.iss.ru/) u upexcrasienst B Tabu. 1 [1].

Tabmumna 1. CpasHenne 3pHEKTUBHOCTU AJITOPUTMOB

Anropurm Tounoctb, %  Bpewmsi 06paboTku Kajpa, Mc
Tekcrypusiit (FAST) 44,5 44,5
Mopdomornaeckmit 78,7 5,2

[1] Yeproycos B. O., Casuenro A. B. Ilomexoycroituussiii Mopdooruye-
CKWil aJIrOPUTM OOHAPY?KEHHs BUJIOTHOTO TIOTPy39rKa Ha Bujaeo // Ma-
muHHOE O0ydeHue U aHaju3 JaHHbIX, 2014 (B neuarn).
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Dependence of the moving forklift truck detection
morphological algorithm accuracy on the intensity
of the additive noise

Chernousov Vladimirx v.chernousov@mail .ru
Savchenko Andrey avsavchenko®@hse.ru

Nizhny Novgorod, National Research University Higher School of
Economics

The problem of video-based detection of the moving forklift truck is
explored. It is shown that the detection quality of the state-of-the-
art local descriptors (SURF — speeded up robust features, SIFT —
scale-invariant feature transform, FAST — features from accelerated
segment test, ORB — oriented FAST and rotated BRIEF) is not
satisfactory if the resolution is low and the lighting is changed dra-
matically.

A new algorithm which first step is the estimation of the moving
objects with the updating motion history image (MHI) and obtaining
of the front part of the moving object with the potential area of empty
lift or cargo is suggested. The second step involves Canny contour
detection and binary morphological operations in front of the moving
object to estimate simple geometric features of empty forklift. The
experimental study shows that the approach which uses the bounding
rectangles of empty forklift contours as an object validation rule gives
the 40% more accurate and additive noise resistant results comparing
with the best local descriptor and the average frame processing time
is 30 ms faster. The results are obtained with ISS (Intelligence Secure
Systems, http://www.iss.ru/) videodata and are presented in Table 1.

Table 1. Algorithm efficiency comparison

Algorithm Accuracy, % Frame processing time, ms
Textural (FAST) 44.5 44.5
Morphological 78.7 5.2

[1] Chernousov V., Savchenko A. 2014 (in press). A noise-resistant mor-
phological algorithm of video-based moving forklift truck detection.
Machine Learning and Data Analysis.
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TexHonorus nony4yeHnst CtaHaapTHOro n3obpa>keHusi
AMua C UCNoJIb30BaHMEM MPOrpaMMHO-anmnapaTHOro
KOMMJIeKCa NogroToBKNU N KOHTPOsS undpoBbIxX
cdoTorpacduin n 3D-mogenu nosepxHoOCTU Nnua

Bexemosa Upura Basenmurosra * irus@gosniias.ru
Kapamees Cepzeli JIveosuy goga@gosniias.ru
Ocockose Muxaun Baadumuposuy mvo@gosniias.ru

Kocmpomos Huxuma Anexceesun nikita-kostromov@yandex.ru

Mocksa, ®I'VII I'ocHUW aBunarmouHbIX crCTEM

JLJ1sl HaJIe?KHOTO PACIIO3HABAHMS JIUIL B CUCTEMAX KOMIBIOTEPHOTO
3peHus 1esIecO00PA3HO UCIIOIH30BATh N300PAXKEHNsI, YIOBIETBOPSIIO-
e rpebosanuam 'OCT UCO/MIK 19794-5-2006. ['eomerpudecku
HOPMAJIN30BAHHOE N300paKeHNe YeI0BEYECKOrO JINIA, XapaKTepu3y-
[OITeecs OIPeJIeJIEHHBIMU pa3MepaMU U MECTOIIOJIOKEHHEM IJIa3, a
TaKKe OIEeHKa [MapaMeTpoB m300pazKeHusl, Jula (OPMUPYETCs € TI0-
MOIIIHIO IPOrPAMMHO-AIIIAPATHOIO KOMILIEKCa IIOJIOTOBKU U KOHTPO-
Jsist udposwix pororpaduit «DDEC». [Ipencrasiena TeXHOIOTHSI 10~
JiydeHusi (PPOHTAIBHOIO N300PaKEeHUs JINIA HA OCHOBE COBMEINIEHUS
nHMOPMAIUN OT TEOMETPUYIECKN HOPMAJIU30BAHHOTO M300PAXKEHUSI
Jmna u 0600menHoit 3D-Momen moBepxHOCTH Jiniia. PaspaboTaHbl
OpUTHHAJIbHBIE aJITOPUTMBbI aBTOMATHYECKOI'O IOUCKa KJIIOYEBBIX TO-
qeKk n300pakeHus JINIa U npeodbpas3oBaHus 0bobmenHoi 3D-momenn
IMOBEPXHOCTH JIUIA JJIs IPUBEJAEHUS K (pOpMe HCXOMHOro Jura. Boc-
CTAHOBJIEHNE CTAHIAPTHOIO (DPOHTAIHHOIO M300parKeHUs JIUIIA OCY-
IIECTBJISIETCH B PEAJIbHOM BPEMEHU U B aBTOMATHUYECKOM PEKHUME.
[1] Bexemosa M. B. Texuosorusi nojy4eHns CTaHJAPTHOIO U300PaKEeHMUsI

JIMIA C WCIIOJIb30BAHMEM IIPOrPAMMHO-AIIIAPATHOIO KOMILJIEKCA II0JI-

FOTOBKM M KOHTPOJIsA 1udpoBbiXx dororpaduit u 3D-momenu moBepx-

HocTH Jmna // BecTHUK KOMIIBIOTEPHBIX W WH(DOPMAIMOHHBIX TE€XHO-

goruit, Mocka: OOO Uzmarenbckuit nom Crmekrp, 2014. — C.5-14.

http://vkit.ru/papers/doc/2014/no6/Beketova2014.pdf.
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Technology standard picture person using
hardware-software complex preparation and control
of digital images and 3D-model of the surface faces

Beketova Irina * irus@gosniias.ru
Karateev Sergey goga@gosniias.ru
Ososkov Michael mvo@gosniias.ru
Kostromov Nikita nikita-kostromov@yandex.ru

Moscow, State Research Institute of Aviation Systems

For reliable face recognition in computer vision systems it is advis-
able to use the images that satisfy the requirements of GOST ISO /
TEC 19794-5-2006. Geometrically normalized image of a human face,
characterized by determining the size and location of the eyes, as well
as estimation of the parameters of the image, the face is formed by
the hardware-software complex preparation and control of digital im-
ages “Efes”. The technology of producing frontal face image based on
a combination of information from the geometrically normalized face
image and generalized 3D-model of the surface of the face. Original
algorithms developed automatic search key points of the face image
and transform generalized 3D-model of the surface to bring the per-
son to the shape of the original face. Restore standard frontal face
image is done in real time and automatically.

[1] Beketova I. Technology standard picture person using hardware-
software complex preparation and control of digital images and 3D-
model of the surface faces // Herald of Computer and Information
Technology, Moscow: Publishing house Spectrum, 2014. — p.5-14.
http://vkit.ru/papers/doc/2014/no6/Beketova2014.pdf.
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MpumeHeHne npoueaypbl CPaBHEHUSI CKENETOB
OuHapHbIX n300pa>keHnii K 3agadve pacno3HaBaHUs
TUNOB NIeKapCTBEHHbIX pacTeHui

Kywnrup Onecsa AnexcarndposHax kushnir-olesya@rambler.ru
Cepedun Oaez Cepeeesun oseredin@yandex.ru

Tyua, Tynbcknit rocy1apCTBEHHBIN YHIBEPCUTET

PaccmarpuBaercs perrerie mpak THIECKUX 33/1a49 KJIACCUPUKAIIAN
IIpU TIOMOIIU TIPEJIJTO?KEHHOT0 METO/1a, CPaBHEHUsT OMHAPHBIX 1300pa-
JKEHUI Ha OCHOBE IEII0Y€eK [IPUMUTUBOB C YUeTOM paua/ibHON (pyHK-
muu ckesiera [1]. Wuest ydaera cocrour B mapamerpusanuu byHKIMN
MIUPUHBI CKEJIETHOTO pedpa BEKTOPOM HHTEPIIOIANMOHHBIX KO3bhu-
nueHToB Jlexkamapa.

IIpuBonsiTCs pe3ybTaThl SKCIIEPUMEHTAIbHBIX UCCJIEIOBAHUI 110
KJtaccuukaiuu 6a3bl JUCTHEB JIEKAPCTBEHHBIX PACTEHUN, COCTOSIIEN
3 32 KJIaCCOB, a TAKXKe eIlle IBYX 0a3 JINCThEB, YaCTO UCIIOIb3yEeMBIX
B HAy9HBIX UCCJIEIOBAHNAX: 6a3bl, comepkaiieii 100 BUIOB JIUCTHEB, U
JIOBOJILHO U3BeCTHOM 6a3bl « Leaves from Swedish Trees», npeacranis-
forreit 15 kiaccoB guctbeB. ONEHNBAETCST KAYECTBO KIacCuUKAINN
n300parkeHnit JAjist BeKTOpoB Ko3addurimenTos Jlexkanapa ¢ ducom
KOMIIOHEHT OT 4 j10 8 U Jijisi CXeMBI KJIACCU(DUKAIIUU 110 TPEM U IIsi-
TH OJmKaWImUM cocelsgM. B cpeaHeM KadecTBO PaCIO3HABAHUS CO-
crapnster 77%. HeynoBneTBOPATENbHBIH PE3YIbTAT I HEKOTOPHIX
THIOB O0DBSICHSETCH BapuaOeIbHOCTHIO CHJIyITOB BHYTPH KJIacca H,
3a9aCTYI0, BBICOKIM CXOJICTBOM MEXKJTy KJIACCAMU JTUCTHEB OBAJIBHOIT
dOpMBI.

s meTasbHOrO aHajM3a MEXKKJIACCOBBIX OIMMOOK PACCMAaTPU-
BAIOTCsl HECUMMeTpHYecKre TabJmibl conpsizkennocTu (contingency
tables). Ha ochoBe Takux Tabiul, MOXKHO CIEJATH BBIBOABL O BHYT-
PUKJIACCOBBIX PA3JINYUAX, MEXKKJIACCOBOM CXOJCTBE, XOPOIIIO OT/IEJI-
MBIX KJIACCAX, O CUTYaIlusX, KOTJIa OJINH KJIACC «IIOTJIOIIAET» JIPYTOi,
u Tp.

Pabora nogneprxkana rpanramu POOU Ne14-07-31271-mo01_a, 14-
07-00527-A un 12-07-92000-HHC _ a.

[1] Kywmnup O. A. IlocrpoeHne (yHKUMH HIHPHUHBI CKeJeTa OMHAPHOIO
H306pa)KeHI/IH Ha OCHOBE€ ITapaMETPHUYIECKOI'O OIIMCaHUA MHOI'OYJICEHAMNU
Jlexannapa // «Ussectus Tynl'Y», cepus «Ecrecrsennnie naykn», 2014
(B meuarn). Bom. 2.
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Applying the procedure of binary images comparison
based on skeletons to the task of medicinal leaves
recognition

Kushnir Olesiax kushnir-olesya@rambler.ru
Seredin Oleg oseredin@yandex.ru

Russia, Tula, Tula State University

The solution to the problem of classification tasks is suggested via
the proposed method for binary images comparison based on primi-
tive chains and radial skeleton function incorporated into primitive.
The interpolation of radial function width by the vector of Legendre
coefficients is the main idea which can be helpful for description of
the shapes with equal skeleton topology and different width [1].

The experimental study of classification on different datasets was
done: the first is the medicinal leaves dataset which consists of 32
classes, the second — the dataset consisting of 100 species, the third —
— is well-known database “Leaves from Swedish Trees” that contains
15 classes of leaves. Accuracy of image classification with Legendre
coefficients number from 4 till 8 and classification scheme with 3-
and S-nearest neighbors is given as a result. The average accuracy
is about 77%. Inadequate result for some species is referred to high
intraspecies variation within some classes and the low interspecies
variation between types with ovate leaves.

For more detailed analysis of misclassification, it makes sense to
examine the nonsymmetric contingency tables for each dataset. From
these tables, one can evaluate different parameters of classifier qual-
ity: for example, the interclass dissimilarity and the intraclass vari-
ance.

This research is funded by RFBR, grants 14-07-31271, 14-07-
00527, and 12-07-92000.

[1] Kushnir O., Seredin O. 2014. Parametric description of skeleton radial

function by Legendre polynomials for binary images comparison. Im-

age and signal processing. Eds. A. Elmoataz, O. Lezoray, F. Nouboud,

D. Mammas. Lecture notes in computer science ser. Springer. 8509:520—
530.
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I ddheKTUBHOCTL nepapxmyeckmx aaropmTmMon
Knaccuukaunum aByMepHbiX 00bEKTOB
B TEPMMNHAX COOTHOLLIEHUS Ka4eCTBO—CJIOXKHOCTb

Jlanee Muxaun Muxatiaosuwx lange_mm@ccas.ru
TI'anebnvix Cepzeti Huxonaesuy sng@ccas.ru

Mocksa, Berancinurensubrii nentp um. A. A. Jlopoauunsina PAH

Wcciremyercst MHOTOKJIACCOBAs METPUYIECKAS MOJIE/Ib PACIIO3HABA~
HUS JIByMEPHBIX O0OBEKTOB B IIPOCTPAHCTBE JPEBOBUIHBIX IIPE/ICTAB-
JIEHUI ¢ MHOTOYPOBHEBBIM pa3perierauneM. Ha MHOXKecTBe TIpejicTaBie-
HUII TIOCTPOEH HepapXuvecKuil aHCaMOJIb ITaJOHOB, OTOOPAHHBIX II0
3aJaHHOl Mepe. B amcambiie 3TaJIOHOB KaXKIbII KJacce 3aJaH MOCJIe-
J0BaTEIbHOCTBIO HAOOPOB MorHOocTH M = 1,..., M, B KOTOpOi1 Ha-
6op MorHOCTH ™M, 00pa3yeT M-l cjoit GuHAPHOTO AepeBa TryouHbr M,
a IpeJCTaBJIeHNAs] aHCAMOJIS STAJIOHOB HA YPOBHAX paspelneHust | =
=1,..., L 06pa3yoT MHOIOypPOBHEBYIO CETh ITAJOHOB. lIpeiosKeHbI
JIBA PEIaioNX aJrOPUTMA 0 KPUTEPHUIO OJIMKAMIIEro 9TajoHa Ha
OCHOBE DPA3JIMYHBIX CTPATETH MePapXUIeCcKOro MOWCKA B CETH ITa-
soHOB. llosyuensbl anaguTUIeCKUe OIEHKU BBIYUCIUTEIHHON CIIOXK-
HOCTH U BBIYHUCJIUTEJHHOTO BBIUTPHINIA HEPAPXUIECKAX AJTOPUTMOB
OTHOCUTEIBLHO aJITOPUTMA, TIOJTHOTO TIepedOopa, STAJIOHOB KaK (DYHKITUN
mapametrpoB L u M. Jljist nepapXxudecKux u rmepebopHOro aJirOpuTMOB
MIOJIy9€HBI IKCIIEPUMEHTAJbHBIE OIEHKH J0JIeil OMMOOK paclo3HABA-
HUS JIUI, )KECTOB PyKHU U mopmuceir. dPEHeKTUBHOCTD PACCMOTPEH-
HBIX PEIaoNIuX aJrOPUTMOB IIPOJEMOHCTPUPOBAHA CPDABHUTEIHHBI-
MU COOTHOIIEHUSIMU JOJIA OIINOOK OT BBIYUCJUTEJHHON CJI0XKHOCTH
pu 33JIaHHOM L U pa3/mIHbIX 3HadeHusx M.

Pabora mogmeprkana rpantom PO Ne12-01-00920-a.

[1] Jlanee M. M., Tanebrnwx C. H. Vlepapxwaeckue CTPYKTYpBI JaH-
HBIX ¥ pelaolne aJropuTMbl JUIsd  KJIacCU(MUKAIUK HU300parke-
Huit // Mammnanoe ofydenune u aHamu3 Jjasebix, 2013. T. 1.
Neg. C. 725-733. http://jmlda.org/papers/doc/2013/no6/
Lange2013ImageClassification.pdf.
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An efficiency of hierarchical algorithms for
two-dimensional object classification in terms of
fidelity—complexity ratio

Lange Mikhailx lange mm@ccas.ru
Ganebnykh Sergey sng@ccas.ru

Moscow, Dorodnicyn Computing Centre of RAS

A multiclass metric model of two-dimensional (2D) object recognition
is investigated in a space of tree-structured multiresolution represen-
tations. In a set of the object representations, a hierarchical ensem-
ble of template objects is constructed by a given measure. Within
this ensemble, each class is described by a sequence of the template
collections of cardinality m = 1,..., M where the collection of cardi-
nality m yields the mth layer in a binary tree of depth M. A set of

the ensemble representations taken at resolution levels I = 1,...,L

generates a multilevel network of the templates. Using the nearest

template criterion, two decision algorithms based on different hier-
archical search strategies in the network of templates are suggested.

For these algorithms, analytical estimations of a computational com-

plexity are obtained as functions of the parameters L and M. Also,

computational gains of the suggested hierarchical algorithms with
respect to an exhaustive search algorithm are shown. Using the ex-
amined hierarchical and exhaustive decision algorithms, experimental
estimations of recognition error rates are calculated for faces, hand
gestures, and signatures. The efficiency characteristics of these algo-

rithms are obtained in terms of comparative rations of error rate as a

function of computational complexity that are calculated for a given

L and different values of M [1].

This research is funded by RFBR, grant 12-01-00920-a.

[1] Lange M., Ganebnykh S. 2013. Hierarchical data structures and de-
cision algorithms for efficient image classification. Machine Learn-
ing and Data Analysis 1(6):725-733. http://jmlda.org/papers/doc/
2013/no6/Lange2013ImageClassification.pdf.
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Cnocobbl BbIOOpa Hanny4lwero 3TasioHa pagy>XXku

n3 nocinenoBaTesibHOCTU

Mameeese Hean Anexceesurnx matveev@ccas.ru
Hoeux Baadumup IHemposur?

'Mocksa, BI] PAH
2Mocksa, ITAO UpurexKo JIT.

novikvp@mail.ru

B zagade mnentudukanum mo pajyxKKe MPeJJIOXKeH HOBBIN CIIO-
cob BBIOOpA HAMIYUIIErO0 OMOMETPUYECKOrO ITAJOHA W3 TPYIIIH,
IIOCTPOEHHOI O MOCJIEI0BATEIbHOCTA PETUCTPUPYEMBIX H300parKe-
uuit. mess BbIOOpa COCTOUT B TOM, UTO TIOC/IEIOBATEIHLHOCTD OOBIU-
HO BKJIIOYaeT B cebs M300pakeHHUs C Pa3jIudHbIM KadecTBoM. [lpwm
9TOM IIPU CPABHEHUU JIBYX BBICOKOKAYECTBEHHBIX M300parKeHmii O/I-
HOT'O TJIa3a IMOJIYYIAeTCsl MAJIOe PACCTOSIHUE, & €CJU XOTs ObI OIHO U3
n300pakeHnit UMeeT HU3KOe KAYeCTBO, PACCTOSTHAE CTAHOBUTCS OOTh-
mmM. Takum 06pa3oM, n300parkeHust ¢ BHICOKMM KadIeCTBOM (HDOpPMU-
PYIOT IIOJMHOXKECTBO-KJIacTep. JIOrMYHO IPEeIIONIOKHUTh, YTO HauU-
Jiydliiiee u300pakeHre UMeeT HauMeHbIllee CPeJIHee PaCCTOSIHUE JI0
9JIEMEHTOB Kjiacrepa (XOTs PacCTOsSHUS J0 JIEMEHTOB, He BXOJISIIUX
B KJIACTED, MOI'YT ObITH BEJIMKH).

Ocy1ecTBICHO CpaBHEHNE CO CTAHIAPTHBIM TOIXO00M, UCTIOIH3Y-
FOIMM IIPU3HAKN KAa4eCTBA MCXOJHOrO n3obpakeHus. Takne npusHa-
KU B COBPEMEHHBIX UCCJIEJIOBAHUSAX M CUCTEMAX CTPOSITCS JJIst 0TOpa-
KOBKHU HEIPUTOJHBIX K PACIIO3HABAHUIO M300parKEHUl U MOI'yT OKa-
3aThCs MAJIOMTOJIE3HBIMU JJIsI 331891 BBIOOPA €IMHCTBEHHOTO JIY IIIero
M300PaAKEHNUST.

Jl1sT 9ucIeHbIX TEeCTOB HMCIOJIBL30BAINCH HECKOIBKO 6a3 m300pa-
JKEeHUH, HAXOIANINUXCS B OTKPBITOM JIOCTYyIIe, OOIMUM 00beMOM OoJiee
70000 m3ob6parkeHuii. BbIOOp 10 PACCTOSTHUIO OKA3aJICs JIyUIle BbI-
6opa 1o KadecTBy s OosibmmHCTBa 6a3. [IpemmymecTBoMm mMeToma
BBIOOpA TI0 PACCTOSIHUIO SBJISIETCS TAKYKE TO, UTO UCIOJIB3YETCS JIUIIb
dbyukuus cpaBHenus (Koropast B JI060M CiIydae JI0JIKHA IIPUCY TCTBO-
BATh B CHCTeMe Dacro3HaBaHus) [1].

Pabora nmognep:kana rpantom PO Ne 14-01-00348.

[1] Mameees U. A., Hosux B. II. Criocobbl BbIGOpA HAUIYYIIETO STAJIOHA
pajly>KKM 13 rocJsenoBaresibHoctn // Maimmunaoe obydeHne U aHAIN3
mauaerx, 2014. T. 1. Ne7. C. 1018-1026. http://jmlda.org/papers/
doc/2014/no7/Matveev2014Iris.pdf.
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Selecting best iris template from sequence

Matveev Tvan'?*x matveev@ccas.ru
Nowik Vladimir? novikvp@mail.ru
'Moscow, CC RAS

2Moscow, Iritech Inc.

A new way of selecting best template from a group of templates
generated from image sequence is presented for the problem of iris
identification. The idea is that the sequence typically includes images
with various quality. Matching two high-quality images of one eye
yields small distance, while taking at least one low-quality image
makes the distance to grow. Thus, images of high quality form a
subset cluster. It is logical to suppose that best image should have
minimum average distance to the elements of this cluster, although
distances to elements that are not in the cluster may be big.

Comparison is performed with the standard approach, which uses
quality features of the source image. In the modern research and
development, these features are constructed with the purpose of re-
jecting images unsuitable for recognition and they might be of little
use for the task of selecting the best image.

Numerical tests are carried out with several public domain
databases with total number of iris images over 70 000. Selection by
distance happened to be superior for the majority of bases. The ad-
vantage of selection by distance is that it uses only matching function
which should be present in the recognition system anyway [1].

This research is funded by RFBR, grant 14-01-00348.

[1] Matveev I.,Novik V. 2014. Selecting best iris template from sequence.

Machine Learning and Data Analysis 1(8):1018-1026. http://jmlda.

org/papers/doc/2014/no7/Matveev2014Iris. pdf.
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Mepbl cxogcTBa U MeTpuUKn cpaBHeHust chopm
MO3anyHbIX n300pa>keHnii

Busuavmep Oputi Baarenmurosurx viz@gosniias.ru
2Keamos Cepzet FOpvesun zhl@gosniias.ru

Mocksa, ®I'VII «l'ocynapcTBeHHBIN HayIHO-UCCIEIOBATETbCKUM
MHCTUTYT aBUAIMOHHBIX CHCTEM»

Paccmorpena 3agaga onpeesenus mporeypbl MOPQOIOTHIECKO-
o0 CpaBHEHHs] MO3AWYIHBIX (DOPM, COIVIACOBAHHOI ¢ MopdoJormde-
ckuM anajm3oM lIpIThbeBa B 4acTu cpaBHeHUsI nzobparkenuit ¢ ¢op-
Mamu. VlceieoBaHbl 9eThipe Pa3jInIHbIX CII0C00a IOCTPOEHMST TAKOM
POy PhI:
— cpaBHeHre (DOPM Ha OCHOBE IIOUCKA KPUTUIECKUX TOUEK MOPQO-
JIOTUYIECKOTO KO3 (DUIIMEHTa KOPPEJISIIT;
— cpaBHeHre (OpM HA OCHOBE AHAJIN3a CBOICTB CYIEPIIO3UIIANA CO-
OTBETCTBYIOIIUX UM TPOEKTOPOB;
— cpaBHeHre GOPM Ha OCHOBE OIEHKH PACTBOPA yIJIa MEXKJy MHO-
rooOpa3UAMU;
— cpaBHeHre (POPM Ha OCHOBe MeTpuku Xaycaopda MexKy COOT-
BETCTBYIONUMHI MHOTOOOPA3usIMy Ha eJIMHUIHON runepcdepe.

Jlist Bcex TOJIXOJIOB HE3ABUCUMO TOJIYUYEHBI MEPhbI CXOJCTBA WJIN
pasnmaus Mo3andHbIX (popMm. [Ipu 3TOM MephI CXO/ICTBA, ITOLy YeHHbBIE
C UCHOJIb30BAHUEM IIEPBBIX JBYX H0AX010B (Koaddunuentsr mopdo-
JIOPMYECKON Koppesisiiuu (bopM), COBIIAJIU, a JBa APYTUX IOAXOJA
npuBesin K (HGOPMUPOBAHUIO Mep OTIHIUsT (HPOPM, CBI3AHHBIX C KO-
3 dunuenToM MOP@OJIOrnIecKoil Koppeasinuu (popM B3aUMHO OIHO-
3HAYHBIMU 3aBHCUMOCTsIMU [1].

Pabora mognepxana rparrom PODOU Ne14-07-00914-a.

[1] Busuavmep FO. B., XKeamos C. FO. Mepbl cX01CTBa W METPUKHA CPAB-

HeHus HopM MozanvHbIX n300paxkenuit // M3s. PAH. TuCV, 2014. Ne
4. C. 76. doi: 10.7868,/S0002338814040167.
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Similarity measures and comparison metrics
for image shapes

Vizilter Yurix viz@gosniias.ru
Zheltov Sergey zhl@gosniias.ru

Moscow, State Research Institute of Aviation Systems

The problem of defining the procedure of morphological comparison
of mosaic shapes consistent with the Pytiev morphological image-
to-shape comparison is discussed. Four different techniques for con-
structing such a procedure are studied, which are based

— on the search for critical points of the morphological correlation
coefficient;

— on the analysis of properties of superposition of projectors onto
shapes;

— on the estimation of the angle aperture between shapes considered
as subspaces of the space of images; and

— on the Hausdorff metric between shape manifolds projected onto
a unit hypersphere.

For all the techniques, measures of similarity or dissimilarity of
mosaic shapes are obtained independently. The similarity measures
based on the first two approaches (morphological shape correlation
coefficients) turned out to be identical, while the two other techniques
resulted in the dissimilarity measures that are related to the morpho-
logical correlation shape coefficient with one-to-one dependences [1].

This research is funded by RFBR, grant 14-07-00914-a.

[1] Vizilter Yu.V., Zheltov S.Yu. 2014. Similarity measures and compari-
son metrics for image shapes. Izv. Akad. Nauk. Teoriya i sistemy up-

ravleniya [Theory and Control Systems] 4:76.
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MopdneTbl: HOBbIV KNacc ApeBOBUAHbLIX
Mopdonornyecknx onucaHuini popmbl N300pa>keHunii
Ha OCHOBE CMCTEeM Xaaponofo0HbIX BeliB1eTOoB

Topbauesun Baadumup Cepzeesurix gvs@gosniias.ru
Busuavmep Opuii Basrenmurosuw viz@gosniias.ru
2Keamos Cepeeti IOpvesuy zhl@gosniias.ru
Pybuc Aaexceti FOpvesuy arcelt@mail.ru
Bopomnuxos Andpetli Baaepvesun andronzord@gmail. com

Mocksa, @PI'VII «I'ocymapcTBeHHBII HAYTHO-UCCIIEOBATEILCKAN

UHCTUTYT aBUAITUOHHBIX CHUCTEM»
IIpemyioxken HOBBIM KJIacC Xaaporo0OHBIX BEBJIETOB, KaK CH-

cTeM JIMHEHHBIX MUM@EPEHITNATBHBIX OIEePATOPOB, YIOBJIETBOPSIIO-

IUX CJIELYTONIUM YTBEPKICHUSIM:

1) dnpa BeiiBieTOB IPEACTABIAIOT CO0OH KYCOUYHO-IIOCTOSIHHbIE

GYHKIIMU C HYJIEBBIM CPEIHUM;

2) Hocurenn BeiiBieTOB MeHbIIEro maciraba MpuHAIexkar obsa-

CTSIM TIOCTOSHHBIX 3HAYEHUN BEHBJIETOB OOJIBIIErO MACIITA0A;

3) Cucrema BeiiBieroB obpasyer jepeBo pasbueHuil Kajipa.

Ecau takast cucrema BeiiBIeTOB coryiacoBana ¢ pOpPMOit JTaHHOTO
u300pakenust (B IIbITHEBCKOM CMBIC/IE), TO OHA SIBJISETCS HEPAPXUYIE-
CKHUM OITACAHNEM MOPQOJIOruT N300parKeHNsT U MOYKET MCIIOJIb30BATh-
CsI JIJTs1 PEIIeHNs PA3JIMIHBIX 3319 MOP(OIOrTIECKOTO AHAII3A, JAH-
HBIX. B paboTe BBEIEHO CTPOTOE MOHSITHAE XaapOmoI00HON pyHKITHN.
[Toxkazano, wro IlbiTheBCcKME MOPQOIOTHE IEHTPUPOBAHHBIX U300~
paxKeHuii MOTYT OBITH IIOCTPOEHBI HA OCHOBE XaapoIlOJ0OHBIX 0a3u-
coB. Ompesnenerbl MOPGOIOruN JIOKAJIN30BAHHBIX (POPM M COOTBET-
CTBYIOIIIME XaapONOI00HbIE BEiBIETHI. YKa3aH (POPMAJIbHBIN CIIOCOD
IIOCTPOEHUST MEPAPXUN JIOKATU30BAHHBIX (POPM U COOTBETCTBYIOMIAX
JIePEBbEB XaapOIOI00HBIX BeliBIeTOB. BBeaeno nmonaTmne MopdaeTon
KaK XaapOomoI0OHBIX BeHBJIETOB, COTVIACOBAHHBIX 1O (popme ¢ mu300-
paxkenueM uym ancambieM (KjgaccoM) uzobpaxkenuii. Oumcanbl pas-
JIMYHBIE CIIOCOOBI TOCTPOEHUsT MOPMJIETHBIX OIMUCAHUN (POPMBI 1300~
paxenusi. Pabora nmongeprxkana rpantom PO Ne 14-07-00914-a.

[1] Topbayesun B. C., Busuavmep IO. B., XKeamos C. FO., Py6uc A. FO.,
Bopommnuxos A. B. MopdJreTsl: HOBBII KJIACC APEBOBUIHBIX MOPQOJIO-
TUYECKUX ONMCAHUN CbOprI H306pa}KeHHﬁ Ha OCHOBE CUCTEM XaapOIIo-
JMOOHBIX BeiiBeTOB // BeCTHUK KOMOBIOTEPHBIX W WH(MDOPMAIMOHHBIX
rexuosiornit, 2014. (IpuHATO B HEYaTh)
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MORPHLETS: A New Class of Tree-Structured
Morphological Descriptors of Image Shape Based on
Haar-like Wavelets

Gorbatsevich Vladimirs gvs@gosniias.ru
Vizilter Yur: viz@gosniias.ru
Zheltov Sergey zhl@gosniias.ru
Rubis Aleksey arcelt@mail.ru
Vorotnikov Andrew andronzord@gmail. com

Moscow, State Research Institute of Aviation Systems

A new class of Haar-like wavelets is proposed as a system of linear

differential operators satisfying the following conditions:

1) Wavelet kernels are the piecewise-constant 2D functions with zero

mean values;

2) Support (non-zero) regions of smaller scale wavelets belong to the

flat (constant-valued) regions of larger scale wavelets;

3) System of wavelets corresponds to the tree of image frame tessel-

lation.

If such system of wavelets corresponds to the mosaic (Pytiev)
shape of some image then it will be a hierarchical morphological de-
scriptor of this image and can be applied for solution of different
problems of morphological image analysis. This paper outlines the
following results. The notion of Haar-like function is formalized. It is
demonstrated that Pytiev morphology of centered images (2D func-
tions with zero mean value) can be described in terms of Haar-like
basis. The morphology of localized mosaic shapes and corresponding
localized Haar-like wavelet systems are described. The formal way
for generation of hierarchical structure of localized mosaic shapes
and corresponding tree of localized Haar-like wavelets is reported.
The notion of “morphlets” as Haar-like wavelets corresponding to
the mosaic shape of some image or some class of images is proposed.
Some constructive schemes for generation of morphlet-based image
descriptors are listed.

This research is supported by RFBR, grant 14-07-00914.

[1] Gorbatsevich V., Vizlter Yu, Zheltov S., Rubis A., Vorotnikov A.
MORPHLETS: A new class of tree-structured morphological descrip-
tors of image shape based on Haar-like wavelets // Vestnik of Computer
and Information Technologies, 2014 — (in printing).
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MegunanbHas wupuHa purypsl — geckpunrtop
chopmMbl n300parkeHnii

Mecmeuxuti JIleonud Mouceesuy mestlm@mail .ru

MockBa, @akygIbTeT BHIYUCIAUTEIBHON MaTeMaTUKu u kKuoepuetuku MIY

MMupuna 06beKTOB Ha M300paKEHUAX U BUIEOIOCTIEI0BATETHHO-
CTSIX MOXKET WCIOJb30BATHCS [IJIsi T€HEPAIMK [IPU3HAKOB IIPU PAc-
nmo3HaBaHuu (GpopMbl n300pazkenuit. MI3BecTeH Moaxo K MOCTPOEHUIO
WHTErpajbHOIO JIECKPUIITOPA IIMPUHBI 00bEKTA HA OCHOBE ITOHSITUS
pattern spectrum (PS), BBegennoro Maparocom. Tpa unuoHHbIH 11011
X071, K Bbraucjaennio PS s pacTpoBbix n3obpakeHuit Tpedyer 3Ha-
YUTEJbHBIX 32TPAT BPEMEHHU U He MO3BOJISIET IpUMeHUTh PS mpu 06-
paboTKe BHJIEOIOCIIEI0BATEIBHOCTEN U CIOXKHBIX M300parKeHMi BbI-
cokoro pazpemiennsi. Paborsl Busuibrepa m CUIAKMHA TO3BOJIMIN
CYIIECTBEHHO COKPATHUTH 3aTpaThl BPEMEHU Ha, BblumcjeHue PS 3a
CYeT WCIOJb30BAHUST KOHIIENINY HEIPEPHIBHOIO CKeJIeTa OMHAPHOTO
nzo0paxkenus. OTHAKO COBCEM UCKJIIOUYATH PACTPOBYIO 00pabOTKyY aB-
TOpaM He YIaJIoCh. MecTO pacTpPOBBIX ONEpAIVil OTKPBITUAS 3aHSIIN
olepaluu JUCKPETU3AIMH CKeJIETa U KPYIOB MEIUAJIBHOIO IIPEJICTaB-
JieHust obbekTa. [Ipesjokena KOHIENIMS TOCTPOEHUsI aJIbTePHATHB-
HOT'O JIeCKpPUITOPa (GOpMbI (DUTYDPHI, HA3BAHHOIO (DyHKIHEH MeIu-
anbHoli mupunel (OMIID), BeraucIeHIEe KOTOPOI OCYINECTBIISETCS Ha
OCHOBE HEIIPEPBIBHOIO CKejleTa W He TpedyeT MpUMEHEHUs pPacTpo-
BBIX OIl€paIyii, 94To0 00eCIeYnBaeT YCKODEHHE CYeTa Ha JIBa IOP:/I-
Ka 10 cpapHeHnio ¢ PS. OyHKIuUs MeauabHON MUPUHBI — 3TO Be-
coBasi (pyHKIUSI TOUYEK OOBEKTa, KOI/a BEC TOYKU I0JIAraeTcs paB-
HBIM JIJIMHE CIIUITBI, IPOXO/IsIeil depe3 Touky. Crura — 3To pajmyc
BIHCAHHOIO KPYTa, COeIMHSIIONMNANA IIEHTP KPYyra ¢ TOYKOW KacaHus
rpanunbl Gurypsl. [Ipemmoxken amroputm Bbrauciaerus OMIIT as
MHOT'OYTOJIbHOI (PUT'YPBI U JJIsl UPKYJISPHON (DUTYPBI, ITOJIyIaeMOii
CKpYTJIEHHEM yTJIOB B MHOI'OYTOJIBHOU purype. PaborocrocobHoCTb 1
3 DEKTUBHOCTD TPEIaraeMoro MoIX0/1a, JEMOHCTPUPYIOTCS Ha, IPHU-
Mepe 33/1a9u CpaBHeHns: POPMBI JIAT0HEH TPU OMOMETPUIECKOH 1 1eH-
tudukamun guaHOCTH [1].

Pabora nognep:xana rpantom PODU Ne14-01-00716.

[1] Mecmeyrui JI. M. Meauanbuast muputa Gurypst — geckpunrop ¢op-

MBI u306pazkennit // Maimunuoe o0y4enue u anams ganubix, 2014 (B

evarn).
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Medial width of figures — an image shape descriptor

Mestetskiy Leonid mestlm@mail .ru
Moscow, MSU Faculty of Computational Mathematics and Cybernetics

Width of objects in images and video may be used for shape feature
generation for image recognition. The concept of pattern spectrum
(PS) introduced by P. Maragos is well suited for the role of the gen-
eral descriptor of the object width. The traditional approach to the
calculation of PS for raster images is based on the methods of discrete
mathematical morphology. This approach is time consuming and does
not allow to use PS in real-time processing for video and complex
high-resolution images. Vizilter and Sidyakin proposed a method of
substantially reducing time to calculate the PS through the use of
the concept of continuous skeleton of a binary image. However, the
authors were unable to completely exclude raster processing. Instead
of the morphological opening, the raster operations for sampling of
the skeleton and the medial circles came.

In this report, the concept of building an alternative shape de-
scriptor figure called medial width function (MWF) is proposed. The
method of calculation of this function based on the continuous skele-
ton is performed. The method does not require raster operations.
This provides an acceleration of the calculations into two orders as
compared with the PS. Medial width function is the weight func-
tion of object points, where the weight of the point is assumed to be
the length of the spoke passing through. Spoke is the radius of the
inscribed circle, connecting the circle center with a point of object
boundary. An algorithm for calculating the MWEF for polygonal fig-
ure and circular figure, obtained by rounding corners in a polygonal
figure, is proposed. Efficiency and effectiveness of the proposed ap-
proach is demonstrated on the problem of hand-shape comparing for
biometric identification [1].

The research is supported by RFBR, grant 14-01-00716.

[1] Mestetskiy L. 2014 (in press). Medial width of figures — an image shape
descriptor // Machine Learning and Data Analysis.

Mesxgynapognas kougepernus MOW-10. I'penusi, o. Kpurt, 4-11 okrsabpst 2014 r.



152 Ananus dhopmbl n306parkeHuit

Kocble npoekTopbl, oTHOCUTEsNbHbIE (DOPMbI
N cyObekTUBHbIE Mogenn B Mopconornm
n3obpa>keHnii

ITvvmves FOput Ilemposuy yuri.pytyev@gmail.com

MockBa, MOCKOBCKHIT TOCY/IapCTBEHHBIN YHUBEPCUTET
nm. M. B. JlomonocoBa, @usnyecknii pakysbTeT

MaremaTudeckne METOIBI W MO MOP(MOIOTHIECKOTO AHAJIM-
3a W UHTEPIIPeTAIui U300paskeHuil peasibHBbIX CIEH, KaK IIPaBUIIO,
CyThb MATEMATHYECKHE BOILIOIIEHNS PE3YIIBTATOB CyObeKTUBHOTO aHa~
JIN3a 1eJIU UCCJIEIOBAHNS W CPEJICTB €€ JIOCTUKEHUsI, TO3BOJISIONINX
cpopMyIUPOBATE MOPGOJIOTUIECKYIO MOJIEIb BU3YAIbHOM MHMOpMAa-
muH 00 MCCiIeyeMoil CcrieHe, comep Kalreiics B ee n300parKeHusIX.

B nokname paccmoTpensr:

— (opManu3M KOCOrO TPOENUPOBAHUS, OIMPEIEIAIONEr0 OTHOCHU-
TeabHBbIE (DOPMBI B MOPGOIOTHH N300paKEHUH, NX WHIEKCHI He3a-
BUCHMOCTH U CBsi3HOCTH [1],

— METOIBbI MAaTEeMaTUYECKOr0 MOEJUPOBAHUS CYyObEKTUBHBLIX CYIK-
JeHn uceeoBaTelisi 00 HCTUHHOCTY OTHOCATEILHBIX U aDCOIIOT-
HBIX (hOPM KaK MOJIesIeli KIaccoB n300parXKeHuil, HeCy X TpaBIo-
10/1006HY10 BU3yasIbHY0 HHMOPMaIUio 06 uccseayeMoii ciene [2[;

— MEeTOJ[bl IMIMPUIECKON TTPOBEPKU AJEKBATHOCTU CyObEKTUBHOM
MODPQOTIOTIIECKON MOJIEIIH TIeJIN UCcieoBanus [2[;

— METOJbI ONTUMU3AIK PEIICHUHN 110 UHTEPIPETAIUN PE3YJILTATOB
MOPGOIOrHYECcKOro aHaJ3a n300pazkKeHnil ClieHs! [2].

Pabora nmopnepxkana rpanrom PODU Ne 14-07-00441.

[1] Hwmwes FO. II. Kocble IpOEKTOPHI 1 OTHOCUTEBbHBIE (DOPMBI B MOPdhO-
sorun n3obpazkenuii // 2KypHas BBIMACIATENILHON MATEMATAKA U Ma-
remarnydeckoit pusukn, 2013. T. 53. Ne 12. C. 154-176.

[2] Hewmoves FO. I1. MoaenupoBanne CyObEKTUBHBIX CYKJIEHUN MOZIeIbepa-
HCCIIeI0BaTeNs O MoJesn oObeKTa ucciaeqosanus // Maremarmaeckoe
mopenuposanue, 2013 1., T. 25, Ne 4, c. 102-125.
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Oblique projectors, relative forms and subjective
models in image morphology

Pyt’ev Yuri yuri.pytyev@gmail.com
Moscow, Moscow State University, Faculty of Physics

Mathematical methods and models of morphological analysis and in-
terpretation of real scene images are, usually, mathematical imple-
mentations of the results of subjective analysis of the goal of the
research and the ways of reaching it. These results allow the re-
searcher to express the morphological model of visual information
about the investigated scene contained in images of this scene.

The report covers:

— mathematical formalism of oblique projection defining:
— relative forms in image morphology;

— indices of independency of these relative forms; and
— indices of interconnection of relative forms [?]

— methods of mathematical modeling of subjective judgements
of the researcher about the truth of relative and absolute forms
as models of image classes carrying truthful visual information
about the scene under investigation [?]

— methods of empirical verification of adequacy of subjective mor-
phological model to the goal of the research [?]and

— methods of optimizing the decisions concerning the interpretation
of the results of morphological analysis of scene images [?]

This research is funded by RFBR, grant 14-07-00441.

[1] Pyt’ev Yu. 2013. Oblique projectors and relative forms in image
morphology. Computational Mathematics and Mathematical Physics
53(12):1916-1937. doi:10.1134/S0965542513120105.

[2] Pyt’ev Yu. 2013. Simulation of subjective judgements made by
a researcher/modeler about the model of the research object //
Mathematical Models and Computer Simulations 5(6):538-557.
doi:10.1134/S2070048213060094.
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Mopdronorunyeckmne geckpuntopbl hopMbl OUHAPHBbIX
n300pa>keHnii Ha OCHOBE 3IJTUNTUYECKUX
CTPYKTYPUPYIOLLNX 3/IEMEHTOB

Cudsaxun Cepeeli Baadumuposurix sersid@gosniias.ru
Busuavmep Opuii Basrenmurosuw viz@gosniias.ru

Mocksa, PT'VII «'ocHUMNAC»

B pabore JI. M. Mecrenkoro ObLIM PEJIOKEHBI BBIAACIUTE b
HO 3 DEKTUBHBIE AJTOPUTMBI TIOCTPOEHHST HEIMPEPHIBHBIX CKEJIETOB
IJIOCKUX MHOI'OYTOJIbHBIX uryp. II3BecTHA CBSI3b CKEJIETHBIX IIPE/I-
crasieHnii ¢ maremarndeckoii mopdosorueit (MM) Ceppa. B uact-
HocTu, Mopdosiorudeckuii cekTp Maparoca ¢ JIUCKOBBIM CTPYKTY PH-
pytomum siemerToM (CD) Moxker 6biTh 3hHEKTUBHO BBIYUCIECH HA
OCHOBE HEINPEPBIBHOTO CKEJIETHOIO MPEJCTABJICHHS] U MPOIEIYP Pac-
Tepusaiuu <110 bpesenxemys». Cuexkrp Maparoca ¢ jguckopeim CO
[IO3BOJISIET OXaPAKTEPU30BATH JIOKAJBHYIO TOJIIUHY YacTell (pUrypsl,
HO IIPU 9TOM HUKAK He XapaKTEePU3YeT UX <«HAIPABJICHUE» U <BBI-
TSHYTOCTb». [109TOMY CyIeCTBEHHBINH MHTEPEC MPEeICTaBIgeT 3a1a9a
MOCTPOEHUsI CIIEKTPOB ¢ ucmoJib3oBanueMm C3, nmeromux Ghopmy, oT-
JINIHYIO OT JIMCKOBO¥, HO TAKYIO, YTO OHA MOYKET OBITDH OIICAHA AHA-
JINTUYECKU U OIIPEIETIACTCS KOHETHBIM KOJTMIECTBOM YNCJIOBBIX Mapa-
METPOB, BKJIIOYAONKX (hakTop pasmepa u GpaxTopbl GpopMbl. B nan-
HOIl pabore paccmarpuBaercs ssumunrudeckuit CD (9CI). Ipemo-
JKEHBI TIOHATHUS SJUIAIITHIECKOTO CKEJIeTa W JIUITHICCKUX (DAKTOP-
HBIX CIIEKTPOB, & TaKKe aJrOPUTMbI X BBIYUCJIEHUSI. BBICTPBIA aj-
TOPUTM HOCTPOEHUS SJLTUITHIECKOIO CKeJleTa JIByMEPHO (bUrypsl ¢
durcupoBanabiME pakTopaMu popmbl ICD OCHOBAH Ha UCIIOIH30BA~
HUW HENPEPBIBHOTO CKEJIETHOI'O OMMCaHus ¢ AUCKOBbIM C3, KOTOpOE
cTpouTcs i 9KBUA(GOUHHO TPeodPA30BAHHOIO KOHTYPA HUCXOHOM
durypsl. C y4eTOM 3TOTO MPEJIOKEHHBIE AJTOPUTMbI BBIYUCIEHUSI
JUTUITUIECKUX CIIEKTPOB OCHOBAHBI HA PACTEPH3AINMU SJIIUITHIE-
CKOTO CKeJiIeTHOro omnucanus. Mopdosornaeckue IeCKpUITOPbI JJIsk
dbuxcuposarroro 9C nasnee 06061IIEHBI Jist TPOU3BOIBLHBIX DC [1].
Pabora nognepxkana rpanrom PODU Ne14-07-00914 A.
[1] Cudarun C.B., Busuavmep FO. B. Mopdosorunieckue IeCKpUITOPHI
GopMbI OMHAPHBIX M300parKeHN HAa OCHOBE SJIIUITUYECKUX CTPYKTY-
pupytonux sjueMentos // Komubroreprast onruka, 2014 (B neuarn).

International Conference IIP-10. Crete, Greece, October 4-11, 2014



Images Shape Analysis 155

Morphological shape descriptors of binary images
based on elliptical structuring elements

Sidyakin Sergeyx sersid@gosniias.ru
Vizilter Yuri viz@gosniias.ru

Moscow, FGUP «GosNITAS>

Original computationally efficient algorithms for constructing con-
tinuous skeletons of flat polygonal figures have been proposed by
L. M. Mestetskiy. At the same time, a connection between skeletal
representations and Serra mathematical morphology (MM) is also
known. In particular, Maragos morphological pattern spectrum with
a disk structural element (SE) can be efficiently computed based
on the continuous skeletal representations and Bresenham rasteriz-
ing algorithms. Maragos pattern spectrum with disk SE allows one
to characterize the local thickness of figure parts, but tells nothing
about the “direction” and “the degree of elongation” of these parts.
Accordingly, the problem of constructing spectra of flat polygonal
figures for nondisk SE is important. Upon that, SE shape should
be described analytically and determined with the finite number of
numerical parameters, including size and shape factors.

In this paper, elliptical SE (ellipse) is considered as such nondisk
SE. The definition of elliptical skeleton and the definition of elliptical
factor spectra, as well as algorithms to calculate them are proposed.
Fast discrete-continuous algorithm for calculating elliptical skeletal
representation with fixed SE shape factors is based on the use of con-
tinuous disk skeletal representation of equiaffine transformed polyg-
onal contour of the original figure. After that, Bresenham rasterizing
algorithms are used for fast computation of elliptical spectra with
fixed SE shape factors. Morphological descriptors with fixed SE shape
factors are further generalized to arbitrary elliptic SE. Application of
elliptical SE allows one to deal with structural (spatial) information
in addition to thickness information [1].

This research is funded by RFBR, grant 14-07-00914 A.

[1] Sidyakin S.V., Vizilter Yu.V. 2014 (in press). Morphological shape de-
scriptors of binary images based on elliptical structuring elements //

Computer Optics. [In Russian.]
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ABTOMaTnyeckuin Noabop afgekBaTHbIX 3HAYEHUA
napamMeTpoB perynsipusauum, annpokcmmauymmn

N CKNenkun ckesieTHbIX rpacos OBuHapHbIX
n3obpa>keHni

Cmenanos Aaexceli Baadumuposuwk alexeyshagoff@gmail.com
Cepedun Oaez Cepzeesun oseredin@yandex.ru
Kywnup Oaecsa AanexcandposHa kushnir-olesya@rambler.ru

Tyna, Tynbckuil rocy/1apCTBEHHBIN YHUBEPCUATET

Sajada BblIeeHnst 6A30BOU YACTH HENPEPBIBHOIO CKEJIETHOTO
rpada MOXkKeT OBITH pellleHa IIyTeM HPUMEHEHHS K HEMY IPOIELyD
peryJisipu3aliuy, amlIpoKCUMallud U CKJeiiku. Peryispusaius cke-
JIETHOTO rpada NpUMeHsieTCs s yiaJieHusi pebep, IOosiBJIEHUEe KO-
TOPBIX ODYCJIOBJICHO IIyMaMu Ha rpanutie (urypsr. st Hempepbis-
HBIX CKEJIETOB HCIIOJIb3YeTCsl METOJ PEryJIsaPU3aIii ¢ KOHTPOJIUpye-
MOit TOIHOCTBIO. CyTh MPOIIELyPhI AITPOKCUMAIIMH COCTOUT B YMEHb-
I€HUN YuCJIa pe6ep CKeJIeTa IIyTeM <«CIPAMJICHUSA» TaCTU €ro BeT-
Beli (BETBBIO HA3BIBAETCs HEIPEPBIBHAS [I0CJIE/0BATEIBHOCTD pedep).
CkJieiika ckejieTHOTO rpada MpUMeHseTCs s yaajJeHus n30bIToq-
HOH mMHMOPMAIUK O BEPIIUHAX B MPEIIOJIOXKEHUU, ITO JBe OJIU3KO
PACIIOJIOKEHHBIE CMEKHBIE Y3JIOBbIE BEPIITUHBI MOYKHO CIUTATDH 38 O/I-
Hy. O1HaKO 0OBIYHO TPeOyeTCsl BpYYHYIO HI0I0MPaTh IIapaMeTphl JaH-
HBIX IIPOIEYP, OCHOBBIBASICh Ha AIIPUOPHOM HH(MOPMAIMY O KJIACCHU-
dunupyemMbIx 00bEKTaX, ITOOBI TOJIYUINTh aJeKBATHOE OIMCAHUE CKe-
JieTHOTO Tpada.

B mammoit pabore paccMaTpuBaOTCSA MyTH PEIIEHUsT 3aa<1 aBTO-
MaTHUYIeCKOI'0 OIIPe/iesIeHns aJeKBATHBIX 3HAYEHN ITapaMeTpPOB Pery-
JISPU3AIMH, allllpOKCUMaIuu u ckJjeiiku. [Ipemaraercs meTo, ocHO-
BAHHBII Ha ONpEe/IeHNH IOJXO/SINEr0 MHTePBaja CTaOWIM3aI[uu
quciia pebep ckeserHOro rpada m3 objacTu onpeaeseHns QyHKITIN
3aBUCHMOCTH ITOT'O YHCJIa OT 3HAYEHUS] COOTBETCTBYIOIIErO IapaMeT-
pa. IIpoBoasTcs sKCiepuMeHTaIbHBIE MCCJIEIOBAHNS BJIUAHAS KOID-
duipenTa CKJIEHKN Ha TOIOJIOTUIO CKeJIeTa.

Pabora nomepxkana rpantom POOU Ne14-07-31271-mo01_a.

[1] Kywnup O. A., Cepedun O.C., Cmenanos A. B. DKcriepuMeHTaIbHOE

HCciIeJOBaHNe ITapaMeTPOB PETyISPU3AIUN U alllIPOKCUMAIIIN CKeJIeT-

HBIX rpadoB OGuHAPHBIX H300pakenuit // MamuaHoe 00ydenue u aHa-
3 panabix, 2014, T. 1. Ne 7. C. 817-827.
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Automatic selection of the most appropriate values
of pruning, approximation, and merging parameters
for binary images skeletons

Stepanov Alexeyx alexeyshagoff@gmail.com
Seredin Oleg oseredin@yandex.ru
Kushnir Olesia kushnir-olesya@rambler.ru

Tula, Tula State University

The problem of skeleton base subgraph extraction can be solved by
pruning, approximation, and merging procedures. Pruning is the pro-
cess of removing unessential skeleton ribs, which appearance is caused
by noise in figure boundary. Pruning method with given accuracy is
used for continuous skeletons. Approximation consists in reduction
of ribs amount via replacing skeleton branches (consecutive edges)
by one or several simple straight ribs. Merging is used for removing
skeleton redundant nodes. The main idea is assuming that two nearby
adjacent nodal vertices can be considered as one. However, usually, it
is required to tune abovementioned parameters manually relying on

a priori information about classified objects.

In this paper, the ways of automatic selection of appropriate prun-
ing, approximation, and merging parameters values for the skeleton
base subgraph extraction task are suggested. The automatic method
is based on calculating the stabilization interval for all parameters.
Experimental study of how the merging parameter affects the skele-
ton topology has been done as well.

This research is funded by RFBR, grant 14-07-31271.

[1] Kushnir O. A., Seredin O. S., Stepanov A.V. 2014. Experimental study
of regularization and approximation parameters for binary images
skeletons // Machine Learning and Data Analysis 1(7):817-827. [In
Russian.]
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Ob6Hapy>xeHne pMTMOB roJIOBHOrO MO3ra 4esioBeka
Ha OCHOBE BeJINYUHbI KOPPENSALUUN aHaIMTUHECKNX
CNeKTPOB 3/1eKTpo3HuedanorpaMmmbl B OCHOBHbIX
Anana3oHax 4acToT

Anuyunepos Bsuecaas Egzenvesun antciperov@cplire.ru

Mocksa, THCTUTYT PaJMOTEXHUKH U SJIEKTPOHUKU
uM. B. A. Koressaukosa PAH

IpescTaBieHbl PE3YIbTATH PA3BATHSI METOI0B MHOTOMACIITAGHO-
r0 KOPPEJIAIMOHHOIO aHAJIN3a IIPUMEHUTEIBHO K 3ajadaM oOHApy-
JKEHIST ¥ MOHUTOPUHIA PUTMOB KODBI T'OJIOBHOI'O MO3ra JejoBeKa. B
9aCTHOCTH, 00CY?KIA€TCs yCOBEPIIEHCTBOBAHNE TEXHUKH BHIIHACICHIS
YaCTOTHO-BPEMEHHBIX [IPeJIcTaBiienuii «kouudeckoroy tuma (Crooks—
Kawasaki relation, CKR, sBistroniuxcst 9acTHBIM CJIydaeM KOppeJisi-
I[MOHHBIX DPACIPeIeJIeHNn ) Ha OCHOBe HEJABHO pa3paboTaHHON aBTO-
POM KOHIEINIUN aHAJUTHIECKUX CIIEKTPOB [1].

B oramume OT KJIACCHYECKOrO CIEKTPAIBHOIO aHAJN3a, HAIIPAB-
JIEHHOT'O Ha XapaKTePHU3YIOIIeecs BBICOKAM Pa3PEIIeHAEM OICHIBAHIE
MH/TUBU/IyaJIbHBIX 9aCcTOT, IIpeJjIaraeMble METO/IbI OPUEHTHPOBAHBI B
[IePBYIO OUYepe/b Ha 0OHAPY?KEeHNe U MOHUTOPHHT KOJIeOATeIbHON aK-
TUBHOCTH HEHPOHOB B IIMPOKNX OCHOBHBIX YACTOTHBIX JINAIIA30HAX.

T1aBHBIM pE3YJIBTATOM SIBJISIETCS CHHTE3UPOBAHHOE «KOHHYECKO-
ro» THIA IIPEJCTaBICHAE 3JIEKTPOdHIEDATOrPAMMAMI CHTHAJIOB,
HMeIOIIee BH;:

CKR (7, f,t) = 2Re{exp(—2mit f)G(, f, 1) };

G(rif.0) = 1 [ HU' = l0)See£)Sp( 1) exp(zrir ) df
g 270 )?
(fle) e (- 25751

DT0 NpeCTaBIEHUE JOIYCKAET IPO3PAYHYI0 HHTEPIIPETAIUIO PEYIb-

TATOB U OBICTPYIO YUCJIEHHYIO PEATU3AINIO HA OCHOBE OBICTPBIX aJI-

ropuTMoB 1peodpasoBanus Pypbe i BHITUCICHUN BXOJANINX TIO/T

WHTErpaJl aHAJIUTHYECKUX CIEKTPOB U CaMOI'0 MHTerpaJa.

Pabora mommep:xana rpantamu POOU Ne12-07-00104 u Ne 14-07-

00496 A.

[1] Anyunepos B. E. O6uapy»kenne puTMOB TOJIOBHOIO MO3Ta Y€J0BEKa Ha
OCHOBE KOPPEJISIIANA aHAJUTUYECKUX CIIEKTPOB DI B OCHOBHBIX Jna-
Ma30HaX 9acTOT. // DJIEKTp. KypHaJ pammosdieKTponukm, 2014, Neb.
C. 1-11. http://jre.cplire.ru/jre/mayl4/13/text .pdf.
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Cortical rhythms detection based on the values
of electroencephalography analytic spectra correlation
in specific frequency ranges

Antsiperov Viacheslav antciperov@cplire.ru

Moscow, Kotel’nikov Institute of Radio-Engineering and Electronics
of RAS

Results of multiscale correlational analysis in application to elec-
troencephalography cortical rhythms detection improvements are
presented and discussed in detail. In particular, the importance
of frequency-temporal cone-shaped representations calculation tech-
niques (which is the particular case of the correlation distributions)
based on the recently introduced concept of the analytical spectra is
in the center of discussion.

Unlike classical spectral analysis, aimed at high-resolution assess-
ment of individual frequencies, the proposed methods are focused
primarily on detection and monitoring of oscillatory neurons activity
in the wide main frequency ranges.

The most important result of the investigation is the synthesized
cone-shaped representation, which has a form:

CKR (7, f,t) = 2Re{exp(—2mit [)G(T, f, 1) };
G(rofit) = = [ H( = Flo)Sri(7)Spal ") explemin )

H(flo) =exp (- (27;0)21‘2) |

This representation assumes transparent interpretation of results and
allowes fast numerical realization on the basis of fast Fourier trans-
form algorithms for calculating as included under the integral ana-
lytical spectra as the integral themself.
This research is funded by RFBR, grants 12-07-00104 and 14-07-
00496 A.
[1] Antciperov V. 2014. Cortical rhythms detection based on EEG analytic
spectra correlations in specific frequency ranges. J. Radio Electronics
5:1-11. http://jre.cplire.ru/jre/may14/13/text .pdf.
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MeTogbl BU3yannsaunm MHOFOMEpPHbIX MEAULMHCKUX
AAHHbIX HA OCHOBe 0000UWeHHbIX rpacuyeckux
obpa3os
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Bousosodenko Bumaauili Aaexceesun pmO8@sibmail.com
I'epzem Oavea MuzatinosHa olgagerget@mail.ru
ITaponun Koncmanmun Aaexcarndposuy kashar@mail.ru
Ocaduwas Upura AnamonwvesHa irishka@mail.ru

Tomck, ToMCcKmiT TOTUTEXHUIECKAN YHUBEPCUTET

Iesibro paboTHI SIBJISLIOCH CTPEMJIEHIE BU3YaJIU3UPOBATh 00pas3bl,
OpeCTABICHHBIE YUCJIEHHBIMA JaHHLIMU, W TOKA3aTh BO3MOYKHOCTD
BBISIBJICHUSI OTHOIIEHWI MeXKIy HUMHU Ha OCHOBE HAOJIOIEHU 3a COo-
BOKYITHOCTBIO TTOJIyI€HHBIX 00pa30oB. B craThe paccMOTpeH TOIXO,
KOTOPBII ITO3BOJISET HTPOBECTU BU3YAJUIAINIO OCHOBHBIX JIMHEHHBIX
KOHCTPYKIIUIi: OTPE30K, JIOMaHasl JIMHUS, CUMILIEKC B MHOT'OMEPHBIX
npocrpancTBax. CreKTpabHOE MPECTABIEHIEe BU3YAJIbHOIO 00pas3a
ABJISIETCsT 60JIee «TOHKUM» WHCTPYMEHTOM, TIOTIEPKUBAIONINM Pa3JIn-
9us WA CXOJCTBA 00PA30B, YeM TPATUIINOHHBIE METO/IbI, XaPAKTEPU-
3YIOIINE 3TN CBOWCTBA HA yPOBHE YMCJIOBBIX MTApaMeTPOB.

IIpencraBiienbl pe3yabTaThl MPUMEHEHUsT JAHHOTO TOJXOJA JIJIst
nByx 3azad: (1) aHaaus quHAMUKY (DU3HOTIOTHYECKOTO COCTOSTHUS Ge-
PEMEHHBIX KeHIUH; (2) aHajiu3 BO3IEHCTBUA AYIUOBU3YJILHON CTH-
MYJISIIIAY Ha TAITAEHTOB C PA3INIHBIME (popMaMu OPOHXUATLHOM acT-
MBI.

IIpumenenue mpe/JI0KEHHOTO MTOAXO0/1a TPUBOIUT K 3HATUTEIHHO-
MY YIPOIIEHUIO MPOIEyPbl BU3YAJU3AIUNA U CIIOCOOCTBYET BbIsIBJIE-
HUIO CKPBITBIX CBA3€il B 0YeBUIHOM hopMe. DTO MO3BOJISIET HE TOJIhb-
KO HCIIOJIb30BATh CBOWCTBA METOA, HO M CIIOCOOCTBYET YUETYy OIBITA
TPYIIIBI KCIIEPTOB, PACCMATPUBAIONINX KOHKPETHYIO mpobsemy. [lo-
cesinee OOCTOSATEHCTBO TOBBIMIAET AKTYAJTbHOCTD IPE/IJIOKEHHOTO
nogxoza [1].

Pabora mognepxana rparrom PODPU Nel14-07-00675
[1] Berestneva O.G., Volovodenko V. A., Gerget O. M., Sharopin K. A.,

Osadchaya 1. A. Multidimensional medical data visualization methods

based on generalized graphic images // World Appl. Sci. J. Ne24. C. 18—

23. http://www.idosi.org/wasj/wasj(ITMIES)13/36.pdf.
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Multidimensional medical data visualization methods
based on generalized graphic images
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Gerget Olga olgagerget@mail .ru
Sharopin Konstantin kashar@mail.ru
Osadhaya Irina irishka@mail.ru

Tomsk, Tomsk Polytechnic University

The purpose of work was the aspiration to visualize the images pre-
sented by numerical data and to show the ability to identify rela-
tionships between them on the basis of observation of the totality
of the obtained images. The authors suggest an approach that al-
lows to perform visualization of the major linear structures: segment,
polyline, and simplex in multidimensional spaces. The spectral repre-
sentation of the visual image is more “delicate” tool which highlights
the differences and similarities of images than conventional methods
of characterizing these properties at the level of the numerical pa-
rameters. The results of applying this approach to the problems of
practical medicine were proposed: (i) analysis of the pregnant women
physiological state dynamics; and (i) identifying hidden patterns in
the structure of the physiological parameters for patients with vari-
ous forms of asthma. The use of this method, in the authors’ opinion,
leads to a significant simplification of the imaging procedure and helps
to identify hidden relationships in an obvious way. This allows one
not only use the method properties, but also contributes to the inte-
gration experience of the expert group considering a specific problem.

The latter fact increases the relevance of the proposed approach [1].
This research is funded by RFBR, grant 14-07-00675.

[1] Berestneva O. G., Volovodenko V. A., Gerget O. M., Sharopin K. A., Os-
adchaya I. A. 2013. Multidimensional medical data visualization meth-
ods based on generalized graphic images. World Appl. Sci. J. 24:18-23.
http://www.idosi.org/wasj/wasj(ITMIES)13/36.pdf.
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CrayunoHapHble pexxumbl B mogenn XeHuHra
n ee moandpmnkaumnsax

Maxapoe Baneputi Jleonudosun makarov@cemi.rssi.ru
Bexaapan Jleson Andpeesurx beklar@cemi.rssi.ru
Beaoycos Pédop Anamonvesuy belousovfedor@gmail.com

Mocksa, II9MU PAH

B pabore msyuaercs quHaMuKa pa3BUTHUS MOMYJISIUN B 3aBUCH-
MOCTHU OT THUIIOB B3aUMOEHCTBUS MKy 0co0saMu. TakKe M3ydaroT-
Cs1 yCJIOBUS, IIPU KOTOPBIX HaOI0maeTcst 3P dEeKT BBIMUPAHUS TIOILYJIs-
nwmii. /lanHast TeMa BaxkHa, TaK Kak IOJ00HBIE sIBJIEHUsT HAOJTFOIAI0TCS
KaK B JIMKOM IPUPOJIE, TAK U B UCTOPUH YEJIOBEUECKON ITMBUIN3AIUN.

IlepBast vacTh IOKIAA TTOCBSIIEHA MOJIEIN XEHUHTA U €€ MOIH-
dburarmsy. V3ygaercs BinsiHne BHY TPUIOYJIAIIMOHHON arpecCuu, B
YaCTHOCTH MecTH. BO BTODPOil 9acTh 3TU K€ BOIPOCHI HCCJIELYIOTCS
JUTST MOJIEJIA, CUJIBHO OTJIUYAIOIIeiicss OT MOJe/in XeHUuHra U B 060Jib-
el CTeleHn MoXoXKel Ha XOpoIno u3BecTHYIO «CaxapHyio MOJIETb>.
[naBHOE oT/IMYMe BTOPOIT MOJIEIN OT TIEPBOI — SHIOTEHHOCTD ITPABUIL
B3aNMOJIENCTBUS MEXKTy OCOOSIMH B IOIYJISIIIAN, KOTOPBIE OIIPEeIeIsi-
IOTCS HA OCHOBE COCTOSIHUSI Ar€HTOB U BHEIIHEN CPeJibl, a He CJIydJaii-
HbIM 00pa3oM, Kak B Mojeju XeHuHra. JIpyruMu cjioBamu, B3anMO-
JeiicTBre, OCHOBAHHOE HA PEAKI[NHU TUIIA, «AHCTUHKTY, 3aMEHSIeTCS Ha
B3aUMOJIEHICTHE C UCIIOIH30BAHUEM JIEMEHTOB «ITHKWY.

O6mumit BBIBOA, PabOTHI JOCTATOYHO MHTYUTUBEH — YeM O0O0JIb-
1I1e HETATHBHOTO BO B3aMMOOTHOIIEHUSX MEXK/Iy OCODsIMU, TeM MeHee
2KU3HeCcocobna momyasius B 1ejsoM. VI naobopot: dem 60Jibiie 61a-
TOTBOPHOT'O BJIMSIHUSI OCOOM OKAa3bIBAIOT JIPYT' HA JIpyra, TeM 6oJiee
JKUBYYel OKa3bIBAECTCsI MOy, B maHHO paboTe }KUBYYIECThb 10~
MyJIANAA UCCJIEIYETCS HE TOJTHKO B 3aBUCHUMOCTU OT IO3UTUBHBIX U
HEraTUBHBIX (PAKTOPOB, HO TAKXKE B 3aBHCHUMOCTH OT XaPAKTEPUCTUK
KaK CaMOl MOIIYJISATNH, TaK U OKPYIKatoleit cpensr [1].

Pa6ora nmognep:xana rpagrom PODU Ne12-01-00768.

[1] Bexraapsan JI. A. CranmoHapHble PEXKUMBI B MOJIeJIM XEHHUHIa U ee MO-
pudukaimsxu // Mammuaaoe o6ydenne u aHanus gaHubix, 2014 (B me-
qaTn).
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Steady-state regimens in Henning model
and its modifications

Makarov Valeriy makarov@cemi.rssi.ru
Beklaryan Levonx beklar@cemi.rssi.ru
Belousov Fedor belousovfedor@gmail.com

Moscow, CEMI RAS

This paper is dedicated to exploration how population dynamics de-
pends on different types of interaction between agents. Conditions
leading to death of populations are also studied. This subject is im-
portant since such phenomena can be observed in both unexplored
wilderness and human civilization.

The first part of the report is dedicated to Henning model and
its modifications. Aggressive behavior and, particularly, revenge are
studied more attentively. In the second part, the same questions are
considered by using another model which differs significantly from
Henning model and to a greater extent, it is similar to well-known
Sugar model. The main distinction of the second model from the
first one is endogeneity of behavior rules between agents that are
determined based on conditions of agents and environment, instead
of determining at random, as in Henning model. In other words, in-
teraction based on reaction of “instinct” type is replaced by using
elements of “ethics.”

The general conclusion is intuitive enough — the more negative
interaction between agents, the less viable population. And vice versa:
the more positive interaction between agents, the more viable popu-
lation. In this paper, population vitality is studied not only as a func-
tion of positive and negative factors, but also as a function of char-
acteristics of the population and the environment [1].

This research is funded by RFBR, grant 12-01-00768.

[1] Beklaryan L. 2014 (in press). Steady-state regimens in Henning model
and its modifications. Machine Learning and Data Mining.
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O6nayHbii pecypc MathBrain ans ananusa gaHHbIX
3Huedanorpacdpun
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Yemunun Muzxaua Huxonaesunw ustinin@impb.psn.ru

[Tymuno, ucTuTyT Maremarndeckux mnpobsiem o6mosiorun PAH

Cucrema MathBrain npejcrasiser coboit mHTEpHET-pECYPC s
aHaJIn3a JAHHBIX dHIEe(ATOTPAMDUN U TPEIOCTABIISET MOJb30BATEIIO
MHCTPYMEHT JIJIsi TOCTPOEHUSI TOYHOTO TipeobpazoBanus Pypbe 1 Boc-
CTAHOBJIEHUsI BDEMEHHEBIX PsIJIOB 110 3apaHee PACCINTAHHOMY CIIEKTPY.
B nporpammusiit kKoMiuteke Bxoaut Habop ckpunroB Python, koro-
pble 00pabATHIBAIOT BBEJEHHBIE TOJIB30BATEIEM JTAHHBIE HA CTOPOHE
cepBepa, UCIOJIL3Ysl €ro allapaTHble MOITHOCTU. Y KA3aHHbIE CKPHUII-
ThI KCIIOIB3YIOT Oubmoreku SAGA u menezkepa pecypcoB SLURM,
O6ubmoTeK nuMpy, scipy u numexpr. Vcrnonb3oBanue JaHHOTO TPO-
rPaMMHOTO oDecIiedeHnsi 0DeCIIeInBaeT JErKyo MacIITabupyeMOCTh
cucTeMbl U DAJIAHCUPOBKY HArPy3KU MEXKJy Mojb3oBaressvu. K-
E€HTCKasl 9acTh peajn30BaHa Ha s3bike mporpammupoBanus PHP B
cBsa3Ke ¢ a3bikoM pasdmerkn HTML, ¢ ucmosnb3oBanmem 3jgemMeHTap-
HBIX CKpunToB JavaScript. Be6-unTepdeiic 1o3BoJIsieT oIb30BaTE 0
3arpyzkarh BXOJHbIE JaHHBIE, 33/[aBATh [IAPAMETPhl pacdera, CKauu-
BATh PE3yJIbTATHI AHAJIN3a U BU3YAJIM3NPOBATH CIIEKTPHI B BUJIE I'Da-
dukos. Kak BxopHble naHHBIE, TAK U PE3YJILTATHl PACUETOB COXPa-
HsioTest B 6aze maHubix MySQL, 9To mo3Bosisier BECTH MCTOPHIO 3a-
IIPOCOB M HAKAILIUBATh dKCIIepuMeHTaIbHYI0 6a3y. Pecypc MathBrain
SIBJISIETCs] MHOT'OIIOJIb30BATEILCKIM U TIO3BOJISIET MCCJIEIOBATEISAM HE
3a/IyMBIBATHCA HAJl TPEOYEMBIMU JIJIsl AHAJIM3a SKCIIEPUMEHTAIbHBIX
JIAHHBIX AIAPATHBIME MOITHOCTAMU [1].

Pabora OblLia gacTHYHO MOmep:KaHa AMepUKAHCKUM (OHIOM
rpazxKJIaHCKUX ucciesoBannii u pazsurus (rpant RUB-7095-MO-13)
u Poccuiickum dbonmoM GyHIaMEHTANIBHBIX UCCIEN0BAHNN (IIPOEKTHI
POOU 13-07-00162, 13-07-12183, 14-07-00636 u 14-07-31309).

[1] Onaauxo E. C., Puryros C. /[., Yemurun M. H. KoMmiekcsl npukiai-

HBIX IIPOrPaMM U O0JIAYHBIE CEPBUCHI JIJIsi AHAJIN3a JAHHBIX dHIIEMaI0-

rpacdun // Maremaruueckas Guosiorus u 6uonndopmarnka, 2014. T. 9.
Bpm. 2.
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Cloud service MathBrain to analyze encephalography
data

Oplachko Ekaterinax oplachkoe@gmail . com
Rykunov Stanislav rykunov@psn.ru
Ustinin Mikhazil ustinin@impb.psn.ru

Pushchino, Institute of Mathematical Problems of Biology RAS

The MathBrain project is an online resource for encephalography
data analysis which works as Software as a Service (SaaS). It per-
forms precise Fourier transform and reconstructs time series using the
calculated spectrum. The software complex includes a set of Python
scripts which provide a general computational mechanism and han-
dle users data on the server side, using its hardware capacity. These
scripts use SAGA libraries and resource manager SLURM, libraries
numpy, scipy, and numexpr. The use of this set of software provides
easy scalability and load balancing features. The client part is im-
plemented on the PHP programming language with HTML, using
JavaScript. Web-based interface allows user to upload the experi-
mental data with set of parameters for calculation and to download
results of the analysis and visualization. All data, both input and out-
put, are stored in the database MySQL, which allows to save history
of work and to accumulate experimental database. The files in .mat
format are located on the hardware resources of the system and in
the database, one can see only links to them. Due to authentication
feature and sessions using, MathBrain is a multiuser system, allowing
researchers to use hardware facilities of the system and enjoy all the
benefits of cloud computing [1].

The study was partly supported by the American Foundation of
Civil Research and Development (CRDF project RUB-7095-MO-13)
and the Russian Foundation for Basic Research (RFBR projects 13-
07-00162, 13-07-12183, 14-07-00636, and 14-07-31309).

[1] Oplachko E. S., Rykunov S. D., Ustinin M. N. 2014. Software complexes
and cloud services for the encephalography data analysis. Mathematical

Biology and Bioinformatics. 9(2).
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CnekTpanbHbiii aHa/IN3 BbICOKOYACTOTHOW obnactu
AAHHbLIX MarHUTHOI 3Huedanorpacdun
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[Tymuno, ucTuTyT Maremarndeckux mnpobsem ouosorun PAH

Ha 3amucsx crioHTaHHO AKTUBHOCTH TOJJOBHOTO MO3Ta, IIPH TATO-
JIOTUU TUHHUTYC OOHAPYKEHBI TIEePEKJIIOUEeHIsT Ha KPATKOBPEMEHHBIT
BBICOKOAMILTUTYIHBIN pekuM. [Ipm 3TOM TPOMCXOIUT yMEHbBITIEHTE
KOPPEJISIINOHHON Pa3MepHOCTH OTAEIbLHO B3SITOIO (DparMeHTa OIHOTO
BPEMEHHOIO psifa B 2 pasza. OOHApYKeHHAsT AKTUBHOCTH MOXKET ObITh
OTHECEeHA K pa3psilly IapOKCU3MaJjibHOM. AHa/M3 cOOCTBEHHBIX (PYHK-
nnit Kapynena—Jlosa mipn HaIUYINN TaKUX KPATKOBPEMEHHBIX IIPO-
MEXKYTKOB II0Ka3aJl, YTO CPEeJIU MEPBBIX MOJ IIPUCYTCTBYET MATTEPH,
UMEIONUN CXOJCTBO C ayJAUTOPHBIM OTKJUKOM. B sKcmepmMeHTax ¢
yKa3aHUeM TOW Ke IATOJIOTUU, HO IPH OTCYTCTBUM IEPEKTIOYEHUS
MezKy pexkuMaMu, Takoro narrepa Her. Cuexrpsl @ypbe sKcIrepu-
MEHTOB C ITEPEKJIIOYEHUSIMHU JEMOHCTPUPYIOT YBEJIUYEHNE CIIEKTPAJIb-
HOM MOIITHOCTH TaMMa jinalia3oHa. HaiijieHHas B 9acTu SKCIIepUMeH-
TOB BBICOKOYACTOTHAasI aKTUBHOCTH UMeET JIOKAJIU3AIUIO B CJLyXOBOMI
obsractu. [lapokcu3maabHyI0 aKTUBHOCTH C TaKOU JIOKaIU3aIueit Ha-
XOJIAT MPYW BUCOYHON SMUJIETICUHU, TIPU KOTOPO MOTYT HADIIOAATHCS
CJIyXOBBIe TAJLTIONUHAINNA. B 3TOM cIydae TUHHUTYC SIBJISIETCS JIUIIH
CUMIITOMOM 0O0JIE3HU. DKCIIEPUMEHTAIbHBIE JaHHbIE, HE COJepKaIlue
MEePEeKJIIOYEeHNIT Ha BBICOKOAMIINTY/HBII PEXKUM, HE OTIMYAIOTCI OT
KOHTPOJILHBIX 9KCIIEPUMEHTOB II0 CIIEKTPAJILHON MOIIHOCTH B 00JIa-
CTU BBICOKUX YaCTOT.

PesymbraTsl cBUAETEIHCTBYIOT O JUATHOCTUYIECKONW 3HATMMOCTH
006pabOTKN M aHAJIN3a BBICOKOYACTOTHOM 0O/IACTH SKCIIEPUMEHTAIb-
HBIX JAHHBIX MArHUTO- U 3JEKTpodHIIedasorpadpun, KoTopas I0 CUX
IIOp OCTaeTCd IJIOXO U3y4EeHHOM.

Pabora 6puta yacTuano moaaepkana npoektamu PODU Ne 13-07-
00162, Ne13-07-12183, Ne14-07-00636 u Ne14-07-00924.

[1] Hawxpamosa H. M., Yemuwnun M. H., JIunac P. P. OGHapy»eHue naro-
JIOTUIECKOH aKTUBHOCTH TOJIOBHOTO MO3Ta TI0 JIAHHBIM MArHUTHON SHIIe-
danorpadun // Maremarndeckasi 6uosiorusi u buonndopmaruka, 2013.
T. 8. Ne2. C.679-690. http://www.matbio.org/2013/Pankratova_8_
679.pdf.
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Spectral analysis of the high frequency region
of magnetic encephalography data
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On recordings of spontaneous brain activity in the pathology of tinni-
tus, the switching to short-term high-amplitude mode is found. Thus,
there is the twice decrease in the correlation dimension of a single
fragment at time series. The observed activity can be classified as
a paroxysmal. Analysis of the eigenfunctions of Karhunen—Loeve in
presence of such short intervals showed that among the first modes,
there is the pattern that resembles the auditory response. The exper-
iments specifying the same pathology but without switching between
modes have no such pattern. Fourier spectra of the switching exper-
iments show an increase in the spectral power of gamma band. The
high-frequency activity found in some experiments is localized in the
auditory region of the cortex. Paroxysmal activity of such localization
is found in temporal lobe epilepsy which can be observed with audi-
tory hallucinations. In this case, the tinnitus is only the symptom of
the disease. Experimental data without switching do not differ from
the control experiments in the high-frequency band.

The results indicate the diagnostic importance of processing
and analysis of high-frequency region of the experimental data of
magneto- and electroencephalography which is still poorly under-
stood [1].

This research is partially funded by RFBR, grants 13-07-00162,
13-07-12183, 14-07-00636, and 14-07-00924.

[1] Pankratova N., Ustinin M., Llinas R. 2013. Detecting pathological
brain activity according magnetic encephalography. Mathematical Biol-
ogy and Bioinformatics 8(2):679-690. http://www.matbio.org/2013/
Pankratova_8_679.pdf.
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BblaeneHue v nokannsaumsa MCTOYHUKOB
AYOUTOPHOro OTKJ/IMKA KOPbl TOJIOBHOIro Mmo3ra
NO CWM/IbHO 3alYMEHHbIM AaHHbIM MarHUTO-
N anekTpoaHuedanorpacpun
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IMynmao, UacturyT maremarundeckux npobsem 6uosiorun PAH

Metosr anann3a MHOTOKAHAJIBHBIX CHUT'HAJOB HA OCHOBE TOYHOI'O
npeobpazoBanus Pypbe ObLT MPUMEHEH JIJIsi UCC/IeTOBAHNS PA3IUI-
HBIX JIAHHBIX MArHUTHOI sHIedasorpaduu, a TakxKe JTaHHBIX JIeK-
TposHIiedagorpadun. OauH U TOT XKe FKCIIEPUMEHT C TEM Ke CyOb-
€KTOM OBIJI TPOBEJICH HA JIBYX PA3JIMYHBIX TUIIAX MArHATOMETPOB U
Ha MHOTOKAHAJBLHOM 3JIeKTpoduIedamorpade. Bee sxcmepumenTain-
Hble HAOOPBI BPEMEHHBIX PSI0B ObLIA TPOAHAJIN3NPOBAHBI C HCIIOJIb-
30BaHUEM MH(MOPMAIITMOHHOM TEXHOJIOTUN, OCHOBAHHOM Ha ITpeobpa3o-
panuu Dypbe BPEMEHHBIX PsiJIOB OOJIBIION IJIUTEILHOCTH U Ha, MO/
CTPOIiKe CEeTKN YaCTOT I0JI M3BECTHYI YACTOTY CTUMYJa. JTO IO3-
BOJIMJIO TIOCTPOUTDH CUCTEMY OA3MCHBIX (DYHKIINI, ONTUMAIBHYIO JJIsS
JAHHOTO dKCrepuMeHTa. IlaTTepHbl MArHUTHOIO I10JIst, IIOCTPOEHHbIE
Ha TAPMOHUKAX YACTOTHI CTUMYJIa, MAKCHMAJIBLHO OYMINEHBI OT MIy-
MOB U JJAI0T BO3MOXKHOCTH PelaTh 0OpaTHYIO 3a/1a9y 110 PEKOHCTPYK-
MU TPOCTPAHCTBEHHOM CTPYKTYPhI HCTOYHUKOB MOJIsA. BBLIO Haliie-
HO, 9TO IPHU WCIIOJIH30BAHUU IIPEJIOKEHHOTO METOJ[a AHAIN3A IAH-
HBIX BO3MOXKHO IIPOBEJIEHUE IKCIIEPUMEHTOB I10 3dHIedasorpadun B
YCJIOBUSIX CHJIBHBIX BHEIIHUX IIyMOB [1].

Pabora ObLia wacTuYHO MOJIep:KaHa AMeEpUKAHCKUM (DOHIOM
rpazkJIaHCKuX uccienoBanuii u pazsurug (rpanrst CRDF RB1-2027
u RUB-7095-MO-13) u Poccuiickum dbongom QyHIaMEHTAILHBIX HC-
carepoBanuii (nmpoekrsl POOU 13-07-00162, 13-07-12183, 14-07-00636
u 14-07-31309).

[1] Kopwaxos A. B., Ioauxapnos M. A., Yemunun M. H., Cwues B. B.,
Pwxynos C. /., Haypsaxos C.II., I'pebenxun A.Il., Ilanuenxo B. 5.
2014. Perucrparms n anams TOYHBIX 9acTOTHBIX DI/ MOII' orkmkoB
ayIUTOPHOM KOPBI B OTBET Ha MOHAYPAJbHYIO CTUMYJIAIAIO 3BYKOM C
(bI/IKCI/IpOBaHHBIMI/I 9aCTOTHBIMU COCTABJIAIOIIINMMA // MaTeMaTI/I‘{eCKaH
6uosiorus u 6monndopmaruka, 2014. T. 9. Bemm. 1.
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Extraction and localization of the sources of the brain
auditory cortical response from the noisy data of
magneto- and electroencephalography
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The multichannel signal analysis method based on precise Fourier
transform was applied to study the magnetic encephalography data,
obtained in different experimental conditions, and the electric en-
cephalography data. The similar experiment with the same subject
was performed using two different types of magnetometers and the
multichannel electric encephalograph. All experimental data sets were
analyzed using the same information technology, based on the Fourier
transform of long time series and on the tuning of the frequency grid
to the known stimulus frequency. This approach made it possible to
build the system of the basic functions, optimal for the particular
experiment, and to maximize the signal to noise ratio. The magnetic
field patterns, calculated on the harmonics of stimulus frequency, are
maximally cleaned from noises and make it possible to solve the in-
verse problem to reconstruct the spatial structure of the field sources.

It was found that the usage of the proposed method of data analysis

makes it possible to conduct encephalography experiments in case of

strong external noises [1].

The study was partly supported by the American Foundation
of Civil Research and Development (CRDF projects RB1-2027 and
RUB-7095-MO-13) and the Russian Foundation for Basic Research
(RFBR projects 13-07-00162, 13-07-12183, 14-07-00636, and 14-07-
31309).

[1] Korshakov A.V., Polikarpov M. A., Ustinin M.N., Sychyov V.V.,
Rykunov S.D., Naurzakov S.P.; Grebenkin A.P., Panchenko V. Ya.
2014. Registration and analysis of precise frequency EEG/MEG
auditory responses to monaural responses to stimulation by the
sound with fixed frequency components. Mathematical Biology and
Bioinformatics 9(1).
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C nomoInpio BeiiBireT Tpeodbpa3oBaHus U ero JAJbHEHIIero KoJm-
YeCTBEHHOI'O aHAJIN3a OJATBEPKJICH PsiJi PAKTOB, XapaKTEPUIYIOIINX
ocobennocru asexrposuiedanorpamMm (IIT) Gosesuu Ilapkuncona,
1 ODHAPYKEH PsIJ CIeNnMUIeCKnX 0COOEHHOCTEH JaCTOTHO-BPEMEH-
u6it opramsanun I 1-it cragun 3aboseBanust. ['ucTorpaMMbr 9KC-
TPEeMyMOB BeliBJieT rpeobpazoBanuii 991" 6osiee YETKO 110 CPABHEHUIO
co criekTpamu Pypbe mogIepKuBaIoT pusHaku 60s1e3uu [lapkuncona
7 [O3BOJIAIOT M3ydaTb UX JuHaMuKy. [losydennble Jannble Hameda-
0T JAJIbHENIINE Iy TH IIONCKA, CrienuuIecKnx MapkepoB DI cambix
PaHHUX, B TOM YHUCJIE JOKJIMHIYIECKNX, CTaIuil 3a00/1eBaHms.

Pabora momnep:kana rpantom POOU Ne12-02-00611-a u Ilpo-
rpammoit [Ipesummyma PAH «DynjgaMeHTadbHBIE HAYKH — MEJIH-
[AHE>.

[1] Cywxosa O. C. Kopoaes M. C. I'abosa A. B. Hanrapuowrun C. H. Ka-
pabaros A. B. O6yxos K. IO. Obyxos FO. B. CoBMeCTHBIN aHAJIU3 CHUI-
HaJIOB 3HeKTp03HHe(1)aJIOI’paMM, JIEKTPOMHUOT'PAMM U MEXaHUIECKOI'O
Tpemopa npm 6osnesan Ilapkuucona B panneit craqum // 2Kypnan pa-
nuoasiekrponuku, 2014. Ne5. http://jre.cplire.ru/jre/mayl14/12/
text.pdf.
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Joint analysis of the signals of electroencephalograms,
electromyograms, and mechanical tremor
of the Parkinson’s disease in the early stage
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By means of the wavelet transform and its further quantitative anal-
ysis, a number of facts that characterize the electroencephalogram
(EEG) features of Parkinson’s disease are confirmed and a number of
specific features of the time-frequency organization of EEG of the 1st
stage of the disease are discovered. The extrema histograms of EEG
wavelet transforms more clearly, compared with the Fourier spectra,
underline symptoms of Parkinson’s disease and allow to study their
dynamics. The obtained data outlined further search ways of the spe-
cific EEG markers of the earliest, including preclinical, stages of the
disease.

This research is funded by RFBR, grant 12-02-00611-a, and by
the Program of the Presidium RAS “Fundamental sciences — for
medicine.”

[1] Sushkova O., Korolev M., Gabova A., Illarioshkin S., Karabanov A.,
Obukhov K., Obukhov Y. 2014. Joint analysis of the signals of elec-
troencephalograms, electromyograms, and mechanical tremor of the
Parkinson’s disease in early stage. J. RadioElectronics 5. http://jre.
cplire.ru/jre/may14/12/text .pdf.
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Texromorust MHGOPMAIIMOHHOIO AHAJN3a, JIEKTPOKAP/IMOCUTHA-
JIOB OCHOBAHA, Ha, HADJIFOJIEHNH, YTO BApUAIMU aMILIATY U UHTEPBa-
JIOB KapJMOITUKJIOB HECYT 3HAUYMMYIO HH(MOPMAIMIO O COCTOSHUM HE
TOJIBKO CEPJIIIA, HO U BCEr0 OPTaHu3Ma. |eXHOIOT U BKIIIOYAET CJIeLy-
omue sranbl ananunsa YK '-curuasna: (1) BeruucieHne 3HaKOB IpUpa-
IIEHUI MHTEPBAJIOB U AMILIUTY/I B IIOCJIEI0BATEIbHOCTH KapIHOINK-
J0B; (2) dopmMupoBaHUe KOJOIPAMMBI — IIOCJIEIOBATEILHOCTH CUM-
BOJIOB 6-OyKBeHHOrO ajipaBuTa, JUOO HEYETKON KOJAOIPAMMBI — IIO-
CJIEJIOBATENHLHOCTU BEPOATHOCTEH CUMBOJIOB; (3) dpopMupoBanue duc-
JIOBOI'O BEKTOPA YacTOT TpUrpamy; (4) mocrpoenue AuarHoCTUIeCKUX
IIPaBUJI C UCIIOJIb30BAHUEM METO/IOB OTOOpAa IIPU3HAKOB, JIOTMIECKUX,
MeTPUYECKUX UJIU JIMHEIHBIX aJIrOpuTMOB Kitaccudukanuu. Obydaro-
masi BEIOOPKA BKJIIOYaET OKOJIO 20 THICSY 3JIEKTPOKAPIUOTPAMM, Ha-
KOTJIEHHBIX 32 15 JIeT 3KCILIyaTalnu JUarHocTuiaeckux cucreM «Ilo-
Tok» u «Ckpundakc», n oxparsiBaer 6osiee 30 3a60/1eBaHMiT BHY TPEH-
HUAX OPraHoB. B 1oK/ajie TpUBOAATCS CTATUCTUYECKHE 0DOCHOBAHUS
TEXHOJIOIUU WHQOPMAIMOHHOIO aHAJU3a JJIsi JUATHOCTUKU MHOTUX
3a00JIeBaHUI TI0 OJHOI 3JIEKTPOKAPAUOrPAMME. DKCIIEPUMEHTHI I0/I-
TBEPKIAIOT YAUBATEIHFHO BHICOKUE YPOBHU 4yBCTBUTEIBHOCTH U CITE-
madmanoctu (ot 80% mo 96% B 3aBmcHMOCTH OT 3a00JI€BAHNS ), 3ata-
CTYIO [IPEBBIIAIONINE TOYHOCTD CHEIHAIBHBIX METOIOB JHATHOCTHK.

I'panTer POPU: 14-07-00847, 14-07-00908, 14-07-31163.

[1] Yenewcxut B. M., Boponwuyos K. B., ILeawx B. P. Crarucrude-
cKkme 060CHOBaHMsI MH(OPMAIMOHHOTO aHAJ/IN3a JEKTPOKAPIMOCUTHA~
JIOB JIIsl TMATHOCTHKY MHOTHX 3abosesanuii // Maremarnaeckas 6uo-
sorust u 6uonndopmarnka, 2014 (B nevarn).
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Informational analysis of electro cardio signals
for multidisease diagnostic system
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The informational analysis of electro cardio signals is based on an ob-
servation that variations of the amplitudes and time intervals of QRS-
ventricular complexes of the electrocardiogram contain a meaningful
information about many internals diseases, not only heart disease.

We propose the ECG signal processing technique, which includes
following steps: (1) measuring signs of the increments of the ampli-
tudes and time intervals in subsequent cardiac complexes; (2) trans-
forming an electrocardiogram into a codogram — an encoded text
string in the 6-letter alphabet, or into a fuzzy codogram — a sequence
of probability distributions over the 6-letter alphabet; (3) transform-
ing a codogram into a 216-dimensional numerical vector of trigram
frequences; (4) learning a diagnostic rule using machine learning tech-
niques.

We use permutational tests for feature selection and then we learn
linear, rule-based, and distance-based classifiers in order to choose
a best diagnostic rule for each disease.

Training sample contains more than 20 000 ECGs for more than 30
diseases, accumulated over 15 years from clinical diagnostic systems
“Potok” and “Skrinfaks”.

Experiments confirm the surprisingly high levels of sensitivity and
specificity (from 80% to 96% depending on the disease), often exceed-
ing the accuracy of specialized diagnostic methods.

Thanks to RFBR grants: 14-07-00847, 14-07-00908, 14-07-31163.

[1] Uspenskiy V.M., Vorontsov K. V., Tselykh V.R. Statistical verifica-
tion of electro cardio signals informational analysis for multidisease
diagnostic system // Mathematical Biology and Bioinformatics, 2014
(to appear).
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[Tymuno, ucTuTyT Maremarndeckux mnpobsem ouosorun PAH

[IpenmmoxkeH HOBBIM METOJ, AHAJIN3a MHOTOKAHAILHBIX BPEMEHHBIX Psi-
noB. Meros ocHoBaH Ha TOuHOM mpeobpaszoBannn Pypbe u aHaM-
3e¢ KOIepPEeHTHOCTH BOCCTAHOBJIEHHBIX BDEMEHHBIX DsJIOB /I BCeX
JaCTOTHBIX KOMIOHEHT. [Ipn ananm3e MarHuTHBIX SHIEDATOrPAMM
CIIOHTAHHOW U BBI3BAHHOW AKTHUBHOCTU T'OJIOBHOTO MO3Ta YeJIOBEKa
OBLIO HAJIEHO, YTO TOYHBI MHOTOKAaHAJbHBI creKTp Pyphe comep-
KAT OOJIBIIIOE KOJIMIECTBO TaPMOHHMK C BBICOKON KOT'€PEHTHOCTBIO.
st Takmx TapMOHUK OOpaTHas 3a/a9a MOXKET OBITH peIleHa C BbI-
COKOI TOUHOCTBIO, UTO OIpejiesisieT IePCIeKTUBHOCTh METO/1a B 3a8/1a-
YaxX M3YYEeHHsI W OTOOPaXKeHWsi aKTHUBHOCTH Mo3ra. [IpejioxKeHHbIi
METOJT, TIO3BOJISIET PEKOHCTPYUPOBATL CTPYKTYPY M BPEMEHHYIO 3a-
BUCUMOCTH KaK CIIOHTAHHOM, TaK W BBHI3BAHHON aKTUBHOCTH MO3Ta C
MUJUIACEKYHIHOH TOYHOCTBIO [1].

Pabora OblLia gacTHYHO MOjJIep:KaHa AMeEPUKAHCKUM (DOHIOM
IparkJIaHCKUX uccieoBannii u passurus (rpantel CRDEF RB1-2027
u RUB-7095-MO-13) u Poccuiickum dhongoM QyHIaMEHTAILHBIX HC-
caeoBanuii (mpoekrsl PO®U 13-07-00162, 11-07-00577, 13-07-12183
u 14-07-00636).

[1] Llinds R. R., Ustinin M. N. Frequency—pattern functional tomography
of magnetoencephalography data allows new approach to the study

of human brain organization // Front. Neural Circuits, 2014. Vol. 8.

P. 43. doi:10.3389/fncir.2014.00043 http://journal.frontiersin.

org/Journal/10.3389/fncir.2014.00043/pdf.
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Functional tomography of the human brain
based on frequency-pattern analysis
of the encephalography data
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Pushchino, Institute of Mathematical Problems of Biology RAS

A method based on a set of new theorems for the analysis of multi-
channel time series is described based on precise Fourier transform
and coherence analysis of the restored signals from a detailed set
of frequency components. Magnetic field recordings of spontaneous
and evoked activity by means of magnetic encephalography demon-
strated that multichannel precise Fourier spectrum contains a very
large set of harmonics with high coherence. The inverse problem can
be solved with great precision based on coherent harmonics; so, the
technique is a promising platform of general analysis in brain imaging.

The analysis method makes it possible to reconstruct sites and tim-

ing of electrical activity generated by both spontaneous and evoked

brain function at different depths in the brain in the millisecond time

range [1].

The study was partly supported by the American Foundation
of Civil Research and Development (CRDF projects RB1-2027 and
RUB-7095- MO-13) and the Russian Foundation for Basic Research
(RFBR projects 13-07-00162, 11-07-00577, 13-07-12183, and 14-07-
00636).

[1] Llinds R.R., Ustinin M. N. 2014. Frequency—pattern functional to-
mography of magnetoencephalography data allows new approach to
the study of human brain organization. Front. Neural Circuits 8:43.
doi:10.3389/fncir.2014.00043 http://journal.frontiersin.org/
Journal/10.3389/fncir.2014.00043/pdf.
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JLy1st moncKa MeXaHU3MOB PeAJIM3aIii OeJIOK-HYKJIEMHOBOI'O y3Ha-
BAHUsI MIPEJJIOZKEHA aBTOMATUYECKAs KJIaCCU(DUKAIUS AMIUHOKUACIOT
("eTKasi U ¢ Pa3HBIMU TUIIAMU PA3MBITOCTU) HA OCHOBE aHAJU3A e0-
METPHUIECKAX XapaKTEPUCTUK CTPYKTYp KomriekcoB Oemoxk—/IHK.
[IpocTpancTBeHHBIE KOHTAKTBHI MEXKJY AMUHOKHCJIOTAME OEJIKOB U
nyknieorugamu JITHK onpenensror npu nomoriu pazbuenust BopoHo-
ro—/lemone. Knaccudukanyuo aMIHOKUCIOT MPOBOJAAT TI0 TPU3HAKAM
quC/Ia KOHTAKTOB U IIJIOMAJEll KOHTAKTOB aMUHOKWCJIOT C HyKJIe-
orumamu. s deTkoit KiraccnuKaum aMIHOKACIOT UCIIOJIH30BAHbI
KJIACCUYeCKUe NEPAPXUIECKNE U HEMePaPXUIeCKNe METOIbI I PA3HbIE
THUIBI PACCTOSIHUI, a JJIsi Pa3MBITOI KJaccupukanuu — oOmmii Ba-
puanoHHbIi moaxo . [Ipu oMoy mpeioyKeHHON MaTeMaTHIeCKOi
MOJIEJIN TIOKa3aHo, 9T0 0KOJO 30% BCeX KOHTAKTOB MEXKJy aMHUHO-
KHCJIOTAMI U HyKJIeoTHIaMu B Komiuiekcax Oemok—/IHK sBisiorcs
HecayJaiubiMu. MerogaMu 4eTKol KIacCudUKAINY TOKA3aHO CyIIie-
CTBOBaHNE MHBAPUAHTOB KJACTepHU3aIu aMuHOKucCIoT. [Ipu ysesnn-
YEeHUU YHCJIa KJIACCOB Pa3MbITOl Kiiaccudukaiuu 6ojiee 6 BOSHUKAIOT
KJIACCHI C OYeHb OJIM3KUMU STAJOHAMY U PABHBIM OTHECEHHEM O0beK-
TOB K HUM, YTO BBOJIUT €CTECTBEHHOE OIPDAHMIEHIE HA IUCJIO KJIACCOB.
[Tonygyennsre maHHbIE PA3MBITON KJIACCHMUKAIINA AMAHOKHUCJIOT 114~
HUPYETCs MCIOJIB30BATD IS TOCTPOeHusT MaTpuIsl 3amen s JITHK-
CcBsI3bIBAOIMX Geskos [1].

Pabora nogmepxana rpanramMu POOU Ne12-07-00634-a 1 Ne 14-
04-00639-a.

[1] Kysneuos E.H., Anawxuna A.A., Ecunosa H.I., Tymansan B.I.
KJI&CTep-aHa.TII/IS IIPOCTPAHCTBEHHBIX KOHTAKTOB aMHWHOKHUCJ/IOTHBIX
ocrarkoB Genkos ¢ Hykieorupamu JJHK // MamunHoe oGyueHue n
aHasu3 paHubix, 2014 (B negarn).
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For the purpose of protein-DNA recognition analysis, amino acids are
classified on the basis of protein-DNA contacts geometry and statis-
tics. However, the methods of crisp classification do not allow describ-
ing the diversity of properties of amino acids. Amino acid residues
have a variety of properties and can simultaneously belong to differ-
ent classes. So, the classification of amino acids with different types
of fuzzing was used. Voronoi-Delaunay tessellation was used to de-
termine the spatial relationship between the amino acids of proteins
and DNA nucleotides. Classification of amino acids was carried out on
the statistics of contacts and the statistics of area of contact between
amino acids and nucleotides. Classic hierarchical and nonhierarchical
methods were used for crisp classification of amino acids with differ-
ent types of distance measures. General variation approach was used
for fuzzy classification of amino acids. Using the proposed mathe-
matical model, it was shown that about 30% of all contacts between
amino acids and nucleotides in protein-DNA complexes are not ran-
dom. Crisp classification methods showed the existence of clustering
invariants of amino acids. By fuzzy classification methods, it was
shown that 6 classes are optimal for protein-DNA recognition task.
The fuzzy classification of amino acids data is supposed to be
used to construct the substitution matrix for DNA-binding protein

sequences [1].

This research is funded by RFBR, grants 12-07-00634-a and 14-

04-00639-a.

[1] Kuznetsov E.N., Anashkina A.A., Esipova N.G., Tumanyan V.G.
2014 (in press). Cluster analysis of spatial contacts of amino acid
residues of proteins with DNA nucleotides. Machine Learning and
Data Processing.
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uHGOpMAIIN
B xeToumnoit 6nosornu ncKyccTBEHHBIE KOPOTKUE IIMHIIHKO0Opa3-

uple PHK (kmPHK wimn shRNAs) cranm 1eHHBIM HCCII€10BaTE b

CKUM HWHCTPpYMEHTOM. Haje)KHbIil pallnoOHAJILHBIN JTU3aiH IKIEPHU-

menTaabHO akTuBHBIX KIMPHK Baxken mis masnbreiinero yHKIHO-

HaJbHOTO M3yYeHUs NeHOMa. Dblia mpoaHaim3upoBana 6a3a JaHHBIX

18 719 monexyn kmPHK ¢ u3BecTHoit akTuBHOCTHIO. B pesyprare mo-

STAITHOrO YMEHBIIEHUS BXO/IHBIX IIAPAMETPOB MOJIEJIH, sIBJIAIOIIAMUCS

CTPYKTYPHBIMU U TEPMOJIMHAMUICCKUMU XapPAKTEPUCTUKAMU ITOCTIE-

nosarenbuocteit KIPHK, u3 150 mapamerpos ocrasocs 41. Bee stu

XapaKTEePUCTUKU-TIAPAMETPBI 3HAYNMO KOPPEJINpPoBaan ¢ 3hdeKTus-

nocteio KIMPHK. B manbreiimem stu napaMerps! ObLIN HCIIOIH30Ba-

HBI B IOCTPOECHUH MOJEJIN METOJOM MHOXKECTBEHHON JIMHEHHON perpe-

cun. [Ijist TpeHrpOBKH Mo/1eJ 66110 HCII0JIb30BaHO 4/5 6a3bl JJaHHBIX,

a Jyia recrupoBanus — 1/5 6a3bl gaHHbIX. [IaTUKpaTHAS I€PEKPECT-

Has TPOBEPKA MOJIEIN TTOKA3aJIa BayKHOCTD ITAPaMeTPOB, CBI3AHHBIX C

repmogunamudeckumu xapakrepucrukamu KitPHK (R = 0,53). ITno-

mazpb nox ROC (receiver operating characteristic) kpusoit okazasach
paBHoit 0,882, 4TO JOKA3BIBAET IIPUTOHOCTD MOJIEIIN JIJTS TIPEJIcKa3a-
uuii 3¢pdexruBabix KMPHK. Ha ocHoBe onTuMusnpoBaHHON MOJIEIU

66110 pazpaborano nporpaMmMuoe obecrievenne miR  Scan st parm-

oHasibHOTO Jm3aiina sddexrnsabix KIPHK [1].

Pabora mognep:xana rparrom PODU Ne12-07-00530.

[1] Matveeva O., Nazipova N., Ogurtsov A., Shabalina S. Optimised
models for design of efficient miR30-based shRNAs // Frontiers in
Genetics, 2012. Vol. 3. Article No. 163. http://journal.frontiersin.
org/Journal/10.3389/fgene.2012.00163/full.
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Optimized model for the design of effective small
RNAs that play an important role in regulation
of gene expression in animals and plants
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Noncoding small hairpin RNAs (shRNAs) became an important re-
search tool in cell biology. Reliable design of these molecules is essen-
tial for the needs of large functional genomics projects. An analysis
of 18719 shRNAs with known functional efficiencies has been per-
formed. As a result of gradual reduction of the set of model param-
eters, which consisted initially of 150 structural and thermodynamic
features of ShRNA, 41 of them remained which significantly corre-
late with silencing efficiency. Multiple linear regression analysis was
performed using 4/5 of the data for training purposes and the re-
maining 1/5 for tests. A model which, in addition to the nucleotide
preferences, included thermodynamic shRNA features was perform-
ing better (R = 0.53). As a part of model, 5-fold cross-validation
tests of ROC-analysis was performed using binary definition of effi-
ciency for experimental data and continuous model predicted scores
for theoretical values. Total area under the curve (0.882) indicates
that the developed model is predictive. Software miR_Scan was de-
veloped based upon the optimized models [1].
This research is funded by RFBR, grant 12-07-00530.

[1] Matveeva O., Nazipova N., Ogurtsov A., Shabalina S. 2012. Optimised
models for design of efficient miR30-based shRNAs. Frontiers in Ge-
netics 3. Article No. 163. http://journal.frontiersin.org/Journal/
10.3389/fgene.2012.00163/full.
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BbicTpoe pacno3sHaBaHue noBTOpOB
B reHeTn4eCcKunx nocnenoBatesibHOCTAX
Ha OCHOBE CMneKTpasibHO-aHa/IMTUYECKOro meToaa
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Pyones Baadumup Pamosun volodyarv@mail . ru
Kyauxosa JIodmuna Hearosra kulikova@impb.ru

IMynmao, UacturyT maremarundeckux npobsem 6uosiorun PAH

PaszpabarsiBaercst MeTO/I HAX0XKIEHUS PA3IUIHBIX TUIIOB ITOBTO-
POB B TEKCTax WJIM KPUBBIX, HAIPUMep nocienoBaresbuocTsax JTHK,
[IPOCTPAHCTBEHHBIX CTPYKTypax OenakoB u T. . Merox ocHoBaH Ha
CIEKTPAJTHLHOM aHaju3e (MYHKINIA, KOTOPbIE CIyXKAT IIPEICTaBJICHNU-
eM 6oJtee BBICOKOTO TIOPSIJIKA JIJIsi TEKCTa Wi KpuBoii, Hanpumep, GC-
u GA-cocras jyst JTHK, kpuBusaa u KpydeHue Jijisi IpOCTPAHCTBEH-
HO¥ KpUBOii. Pe3yspTupytoriye KpuBble pa3duBaioTCs Ha IePEKPhIBa-
rorruecst dparmenTtst Aauabl Woe marom d. Iocse sroro nponssoaut-
sl TIONIAPHOE CpaBHEeHne (DPArMeHTOB f;, g; Ha OCHOBE HMHTEIDAJILHOTO

OIlCHUBAHMA:
w

pP= Z(fi —g:)°.
i=1
s pacrio3HaBaHUs TOBTOPOB UCIOJIB3YETCS CJIEIYIOIIEe PelaroIee
[IPaBWJIO: eciu p < €, IJle € — HOPOroBOe 3HAYEHHUE, TO (PparMeHThI
CUUTAIOTCS TOXOXKHUMHE, & €CJIN p > €, (DparMeHThbl He [OXOXKU.
Cy1mecTBeHHBIE CBOMCTBA METO/IA, OMPeIeIAoNne ero 3bdeKTuB-
HOCTb, CJIeJIyIOIIHe:
— HHTErpaJibHOe OIleHHBAaHUE II0BTOPOB, KOTOPOE II03BOJISIET HE CO-
CPeJIOTaYNBATHCS Ha JIOKAJIbHBIX OCOOEHHOCTSIX CHUT'HAJIA;
— MacmrabupoBaHue, T. €. BBIOOp MaciiTaba 3a cyeT n3MeHEeHUs pa3-
MepOB OKHA U €ro Iara;
— BBIMIOJIHEHUE OIEpPaInii B MPOCTPAHCTBE KOIMPUIINEHTOB Pa3JIo-
JKEHHS.
Pabora mommep:kana rpantamu POOUM Ne14-07-00924, 14-07-
31306 m 14-07-31196.
[1] Pyatkov M. 1., Pankratov A.N. SBARS: Fast creation of dotplots

for DNA sequences on different scales using GA-, GC-content //
Bioinformatics, 2014. Vol. 30. No. 12. P. 1765-1766.
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Rapid recognition of repeats in genetic sequences
based on the spectral-analytical method
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Kulikova Lyudmila kulikova@impb.ru

Pushchino, Institute of Mathematical Problems of Biology RAS

A method for finding different types of repeats in text or curves,
for example, DNA sequences, protein spatial structures, etc. is under
development. The method is based on the spectral analysis of func-
tions which serve as a higher order representation of the sequence
or curve, for example, GA- and GC-content curves for DNA, curva-
ture and torsion curves for spatial curves. The resulting curves are
divided into overlapping frames with width W and step d. After that,
pairwise comparison of frames f;, g; has been performed by integral
estimation of distance between them:

w

pP= Z(fi - i)

i=1

For recognition of repeats, the following decision rule is used: if p < ¢
where ¢ is the threshold, then the fragments are considered to be
similar; if p > ¢, the fragments are not similar [1].

The essential features of the method that determine its efficiency
are the following:

— integral evaluation of repeats, which allows one not to focus on
local features of the sequence;

— scaling, i. e., choice of scale by varying the size and step of sliding
windows; and

— operations performance in the domain of expansion coefficients.
This research is funded by RFBR, grants 14-07-00924, 14-07-

31306, and 14-07-31196.

[1] Pyatkov M.I., Pankratov A.N. 2014. SBARS: Fast creation of dotplots
for DNA sequences on different scales using GA-, GC-content. Bioin-
formatics 30(12):1765-1766.
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MpumeHeHne perynspusoBaHHoii baecoBckoii
NOrMCTUYeCcKoi perpeccumn B 3aja4e KpeauTHOro
CKOpUHra

Boposvixr Hamanava Hzopesrax natali.bor1992@mail.ru
Kpacomxura Oavea BauvecaasosHa o.v.krasotkina@yandex.ru

Tyua, Tynbcknit rocy1apCTBEHHBIN YHIBEPCUTET

Heckoubko mocieinnx mecaTuiieTnit pa3andHble METOIBI KPEIAT-
HOT'O CKOPHMHTA BBI3BIBAIOT OIPOMHBII NHTEPEC B GAHKOBCKOW OTPACJIN.
KpeauTHbIili CKOpUHT — 3TO IIPOIECC OIEHMBAHKS COUCKATEJIsT Ha I10-
JIyYeHUe KPEJIUTa, IeJib KOTOPOIO — OIPEEUTh, SABJISETCS JIU 0~
TEHIINAJbHBIN KJIUEHT HAJEXKHBIM WM HET Ha OCHOBE HMMEIOIIeics
nHMOPMAINN O HEM W UCTOPUYECKUX JAHHBIX O IPEIBIIYIINX KJIU-
enTax Oamka. B obieM ciydae OIeHNBACTCA CYMMAapPHOE KOJMIECTBO
6asoB (score) 3aeMINUKa, HAOPAHHBIX 110 COBOKYITHOCTH HWH(bOpMa-
TUBHBIX [IPU3HAKOB. Y YUTHIBAIOTCSI, HAIIPUMED, TaKWe IIPU3HAKHI, KaK
BO3PACT, CTaXK, CpeaHuil 70x0 ceMbl U Ap. PakTuwdeckn HEOOXOIUMO
MIPOU3BECTU KJIACCU(DUKAINIO 3a€MIMUKOB Ha JIBA KJIACCa HA OCHOBE
MMO/ICAUTAHHBIX OAJIIOB.

B nanmoit pabore /1t IpeICTaBICHUS 381291 KJIACCU(DUKAIINN 32~
eMIIUKOB BBIOpaHa MOJIe/Ib 0alleCOBCKO JIOTMCTHIECKONH Perpeccuu.
B kpeauTHOM CKOpHMHIe, KaK U BO MHOI'UX JIPYIUX 3a1a9aX MAaIlHHHO-
ro obydeHUsi, BCTAeT HEOOXOIMMOCTH DOPBOBI ¢ IepeodydeHneM, To-
9TOMy 0co00Oe BHUMAaHWE B PabOTe YJIEJEHO WMCCJIEIOBAHUIO W CPAB-
HeHnIo 3DPEKTUBHOCTH B KOHTEKCTE PENIaeMOil 3a/1a9l PA3INIHBIX
BCTPOEHHBIX METOJIOB 0TOOpa MPU3HAKOBOIN mHMOpMaInu: rpedHeBoit
perpeccun, jacco TubmmupaHu 1 MOJEIHN JIOTUCTUIECKONW PErPecCuul ¢
PeryJImpyeMoil CeleKTUBHOCTHIO [1].

Pabora mognepxana rparrom PODU Ne14-07-00964
[1] Boposwx H. H., Kpacomxuna O.B. Ilpumenenue peryaspu30BaHHOR

0alieCOBCKOM JIOTUCTUIECKON perpeccuun B 3a/iave KpeJIuTHOIro CKOpHUH-

ra // Ussectusi Tynbckoro roc. yu-ta. Texumueckue maykm, 2014 (B

nevarn).
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Application of the regularized bayessian logistic
regression to the credit scoring problem

Borovykh Nataliax natali.bor1992@mail.ru
Krasotkina Olga o.v.krasotkina@yandex.ru

Tula, Tula State University

Several last decades, banks have been rather interested in different
credit scoring methods. Credit scoring is a process of assessment of
a potential client. The goal of this process is to decide whether the
customer is reliable or not based on the data about the client as well
as the historical data about the previous customers of the bank. In
general case, the sum of the client’s score, obtained on the base of the
informative features set, is assessed. Such features as age, seniority,
average family income, etc. can be taken into account. In fact, the
classification in two classes should be performed.

In this paper, the bayessian logistic regression model has been
chosen for the problem representation. For struggling with overfit-
ting, the different methods of the feature information selection (ridge
regression, Lasso and logistic regression model with adjustable selec-
tivity) are investigated and compared [1].

This research is funded by RFBR, grant 14-07-00964.

[1] Borovykh N.I., Krasotkina O.V. 2014 (in press). Applying the regu-
larized bayessian logistic regression to the credit scoring problem. Tula

State University Proceedings. Engineering Sciences.
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00bemMoB rpy3onepeso30K
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'Mocksa, BII PAH
2Mocksa, IIIP OAO P2KJI

IIpeamer mpornosa — jiopoxkHas maxmatka. [Hlaxmarka — 310
MaTPUIA KOPPECIOHAEHIINN JJIs MPOIHO3UPOBAHUS SJIEMEHTOB MaT-
pUIbl, I3MEHEHUsI BArOHOIIOTOKOB C JIOPOrH Ha Jopory. B gacTHocTw,
JIJIs yCTPAHEeHUs] TPeH Ia U CE30HHON KOMIIOHEHTHI ITPEJJIAraeTCsl IIPO-
BECTH CpaBHEHHE CTaHIAPTHBIX METOJIOB: MOJEejh DBpayHa, MOe/b
Xoapra-BunTepca, MOIEIb aBTOPErPecCur — CKOJIB3SIIETO CPETHErO
U ee IIPOM3BOJIHBIE.

s anasm3a mo/IXo0B IOCTPOEHHS TPOTHOCTHYECKUX MOJIeIel B
paborax B. B. Crpuzkosa 3a 2013 r. npuBouTcst 0630p HerrapameTpu-
9eCKUX METOJOB IPOrHO3WPOBAHUsI IJIOTHOCTU pacupeieienns. Vc-
O3y IOTCs pe3y ibrarsl, mosydenubie FO. V. 2Kypasiesiv B 2002 1.
[IPY UCCJIEOBAHUN 33/1a9 W IIOCTPOEHUN JIOTHIECKUAX MPOIEIYyD Pac-
no3uaBanus. [IpoBoguTcs cpaBHEHHE METOI0B OAafleCOBCKOIT BEKTOD-
HOIl aBTOperpeccuu, BeKTOPHOI aBTOPErPECCUN € PACITHPEHHBIM MHO-
2KECTBOM (DAKTOPOB M JMHAMHYECKON CTOXaCTUYIECKON MOojiesin ob1iie-
ro0 9KOHOMHYECKOT'O paBHOBecusi, BBejieHHON BasbkoBbim B 2012T.
[IpuBoauTcs 0630p METOIOB KOMOMHUPOBAHUS MOJIEIEH TPOTHO3UPO-
BAaHUsl IUIOTHOCTH C yIETOM JOIIOJHUTEIbHBIX OTPDAHUYEHU 1P pe-
meHnyn 3324 Kjiaaccudukanmu, nccienoBanubix K. B. Pymakobim
(pesysbrarsl ony6aukosassl B 20051) [1].

[1] Mompenko A.II., Cmpuoicos B. B. IlocTpoeHne arperupoBaHHBIX LIPO-

THO30B O6’beMOB ZKEJIE3HOAOPOZKHBIX I'DYy30II€PEBO30K C MCIIOJIL30BaHU-

em paccrosuus Kysibbaka—Jleiibrepa // Uudopmarnka u e€ npume-
uwenwns, 2104. T. 8. Bem. 2. C. 86-97.
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Nonparametric algorithms for forecasting cargo
transportation quantities
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'Moscow, CCAS
2Moscow, CID JSC Russian Railways

This paper investigates a road chessmap forecasting problem. This
chessmap is a matrix of correspondence between railway stations that
should forecast the matrix elements and measure road to road traffic
car changes. To remove a trend and a seasonal component, a compar-
ison of standard methods such as Brown model, Holt—Winters model,
autoregressive moving average model and its derivatives is suggested
to be made.

For analyzing approaches to construction of forecasting models
in the papers by V. Strijov in 2013, here, an overview of nonpara-
metric methods for distribution density estimation is given. The re-
sults obtained by Yu. Zhuravlev in 2002 during tasks research and
construction of logical recognition procedures have been used. The
methods of the Bayesian vector autoregression, vector autoregression
with an extended set of factors, and dynamic stochastic model of gen-
eral economic balance introduced by A. Valkov in 2012 have been
compared. Also, the methods for combining density estimation mod-
els with regard to additional constraints in solving classification tasks,
researched by K. Rudakov (whose results were published in 2005)
have been overviewed [1].

[1] Motrenko A.P.; Strijov V.V. 2014. Obtaining an aggregated forecast
of railway freight transportation using Kullback-Leibler distance. In-
formatika i ee Primeneniya — Inform. Appl. 8(2):86-97.
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'Mocksa, BII PAH
2Mocksa, IIIP OAO P2KJI

Wccireyrorest BpeMeHHBIE METO/IBI ITPOTHO3UPOBAHMS, YUCTIA BATO-
HOB OIIPEJIEJIEHHOTO THUIIA, IPUOBIBAIOIINX HA CTAHIIUIO B OIIPEJIEJICH-
HBII TPOMEKYTOK Bpemenu. [Ipenmosaraercs, 9To m3Mepenns: Iucia
BarOHOB IIPOU3BOSATCS Y€PE3 PABHOMEPHBIE IPOMEXKYTKH, CYIIECTBY-
€T KaJIeHJapHad Ce30HHOCTD U &I IUTUBHBIA TPEH/1, CBA3aHHDII C BJIU-
sSIHMEM BHEITHUX (DaKTOPOB.

Tpenn u ce30HHAS COCTABIISIIONIAS TPUCY TCTBYIOT TOJIBKO Ha OO0JIb-
moM Macintabe Bpemenu. BesencrBue 3Toro Ha 60Jb1oM Macurrabe
BPEMEHHU IIPEJJIATAETCs [IOCTPOUTDH HAPAMETPUIECKYIO MOJIEJb C y4e-
TOM TPEHJa U CE30HHOCTH, Ha MAaJIOM Macmrabe IIpejjaraercs Io-
CTPOUTBH HelapaMeTPUUYECKy0 MOJE/b IPOrHO3UPOBAHUS IIJIOTHOCTH
pacIpejiesieHus ¢ SKCIIEPTHO 3aJaHHON (DYHKITMEH OmnOKY.

Paszpaboranusiit B pabore A.C. Banbpkosa B 2013 1. meron pas-
BUBaeT HJEI0 TMCTOIPAMMHOIO MPOrHO3UPOBAHUS C HECHMMETPUY-
HO#l dyHKImeil moTeps. g mocTrpoeHns rucTorpaMMbl OTPE3Ka Bpe-
MEHHOTO Psijia UCIIOJIB3YTCSA METO/IbI BPEMEHHOI'O U IIPOCTPAHCTBEH-
HOT'O arperupoBaHus BPEMEHHBIX psijioB, npemjoxenuasie B. B. Crpu-
xkoBbIM B 2013 1. 3HaueHNE, MUHUMHU3UPYIOIIEE CBEPTKY THCTOTPaM-
MBI ¥ (DYHKITUU OMIUOKH, CINTAETCS OINTHMAJIHLHBIM TPOTHO3UPYEMBIM
3nadeHneM. PaccmarpuBaioTcs GYHKIINN OMMMOKU B 3aJadax pacio-
3HaBaHUs, ucciaenoBanubie B paborax [0.1. 2Kypasmésa B 1996 .
u K.B. Pynakosa B 19991. Ilpesmaraerca MeToJ BHIOOpa HAMIYU-
et [1].

[1] Baavros A.C., Koowcarnos E. M., Mompenro A.IIl., Xycaunos @.H.

IlocTpoeHne Kpocc-KOPPESIIMOHHBIX 3aBUCUMOCTEH IIPU IIPOTHO3E 3a-

I'PY?KEHHOCTH KEJIE3HOIOPOXKHOTO y37a // Mamuanoe o6yv1enue u ana-

sm3 panabix, 2013. T. 1. Ne5. C. 505-518.
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The paper analyses time series corresponding to the number of rail-
road cars of specific type. The cars arrive at a station in a certain
certain time period. Each time series has the following properties:
(7) the values of time series are natural numbers; (i7) the time ticks
have a fixed interval; (i7¢) the time series have the calendar seasonal-
ity; and (iv) the time series have an additive trend related to the ef-
fects of external factors.

Specified problems of the trend and seasonality are held only
on a large time scale. Therefore, on a large time scale, the paper pro-
poses a parametric model taking into account the trend and the sea-
sonality. On a small time scale, the paper proposes a nonparametric
model for distribution density estimation with expert-specified error
function.

The method proposed by A.S. Valkov in 2013 develops an idea
of histogram forecasting with an asymmetric loss function. To build
a histogram of time series segment, the methods of temporal and
spacial time series aggregation have been used. As optimal forecast-
ing value, the value minimizing convolution of histogram and error
function has been chosen. Various types of error functions have been
considered in solving the recognition task investigated by Yu.I. Zhu-
ravlev in 1996 and K.V. Rudakov in 1999. A method for choosing
the best one is suggested [1].

[1] Valkov A.S., Kozhanov E.M., Motrenko A.P., Husainov F.1. 2013.

Constructing a cross-correlation model to forecast the utilization of

a railway junction station. Machine Learning and Data Analysis
1(5):505-518.
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"Mocksa, UITY PAH
2Mocksa, HIY BIITD

Pazpaborana momudukamyss MeToJa KOJIEKTUBHON MHOTOBAPU-
aaTHOl 3Kcieprusnl (KMBD), aneksarnas 3ajadaM MeXKBEIOM-
CTBEHHOI'O THIIA, Ha3BaHHas MeTogoM Hezasucumoilt KMBY (HMBD).
OcHOBHBIM OoTIn4YueM paspadboranHoro merojga HMBD or KMBS co-
CTOUT B TOM, YTO B IIPOIECCE IKCIIEPTU3BI PA3pabATHIBAIOTCS HE Ba-
PpUAHTHI pPeIlleHrs] UCXOMHON 3a/a9M B IIEJIOM, & BBISBJISIIOTCS U Pas3-
pabaThIBAIOTCs BADUAHTHI PEIIEHUs] OTHOCUTEIHHO HE3ABUCUMBIX IIPO-
6J1eM, CBSI3AHHBIX C UCXOJIHOM 3a/1a1eil, COBOKYITHOE PEIIeHNe KOTOPBIX
obecrieanBaeT perrenne ncxoaHoi 3amaan. Peanuzamusa meroma HM-
B9 pasbupaercst Ha 5 OCHOBHBIX 3TaIlOB: (POPMUPOBAHUE CIIUCKA KAH-
JUIATOB B 9KCIIEPThI; (DOPMUPOBAHUE CIINCKA OTHOCUTEJIHHO HE3ABH-
CHUMBIX TIPODOJIEM IKCIEPTU3BI; OIEHKA KOMIIETEHTHOCTH TIOTEHIINA b~
HBIX 9KCIEPTOB; (POPMUPOBAHUE HKCIIEPTHLIX KOMUCCHI, B TOM YHC-
Jie Jijis Ipo0bJIeM, 10 KOTOPBIM MMEIOTCS pa3HorTacus; pabora cop-
MUPOBaHHBIX IKCIEPTHBIX KoMHUccHii. B 3akirodenne paborsr HMBD
KOHCAJITUHIOBasl TpyIa (pOPMUPYET UTOrOBBIM IIPOEKT PEIeHUs 3a-
naan. Merox HKMBD ucnonb3oBasics Ipu periennn 3aa49u OpraHm-
3AIUU U YIPABJIEHUs] PHIHKOM MEYKPErHOHAJBHBIX aBTOOYCHBIX Mepe-
BO3OK W 33J1a91 CO3JIaHUs MHTEJUIEKTYAJIHHON CHCTEMBI YIIPABJIEHUSI
J1Ie9eOHO-IMATHOCTUIECKUMHI TIPOTIECCAMHU B KPYITHOM MEJUIIMHCKOM
yuapexenun [1].

Pabora momepxkana rpantamu PODU Ne 14-07-00463-a, Ne 13-07-
00992-a, Ne13-07-12201-ocdpu u Ne12-07-00540-a.

[1] Hopogperox A.A., Jopoperox FO.A., Iloxposckan H.B., Yepnac-
ckuti A. JI. Hezapucumast MHOTOBapuaHTHasI 9KCIIEPTU3a B 3aa9aX UC-
ciretoBanust ¢1ab0 GOpPMAIM30BaHHBIX CUCTeM ylpasienust // Marms-
Hoe o0y4eHne u aHau3 JaHHbIX, 2014 (B nevarn).
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Independent multivariate expertise in the weakly
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"Moscow, ICS RAS
2Moscow, SIU HSE

The modification of the collective multivariate expertise (CMVE)
method was developed, adequate to the interdepartmental type prob-
lems, called as the method of an independent CMVE (IMVE). The
main and very significant difference between the developed IMVE
method from the CMVE one is that in the process of examination,
there are developed not solutions of the original problem in general,
but solutions to relatively independent problems associated with the
initial objective are identified and developed, which comprehensive
solution ensures the solution of the original problem. Implementa-
tion of the method of IMVE is divided into 5 main stages: creating
the list of candidates; the relatively independent list of the expertise
problems; the assessment of the potential experts competence; estab-
lishment of expert commission including issues on which there are
different opinions; and the work of expert commissions. In conclu-
sion, consulting group, which conducted the IMVE, forms the final
draft of the problem solution. The IMVE method was used for solving
two large-scale applied problems — organization and management of
the interregional bus services market problem and the task of creat-
ing intelligent control systems for medical-diagnostic processes in the
large-scale medical clinic [1].

This research is funded by RFBR, grants 14-07-00463, 13-07-
00992, 13-07-12201, and 12-07-00540.
[1] Dorofeyuk A., Dorofeyuk Y., Pokrovskaya I., Chernyavskiy A. 2014 (in

press). Independent multivariate expertise in the weakly formalized

management systems research. Machine Learning and Data Analysis.
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Komnnekc ANropnTMOB UHTENNEKTYAJIbHOIro aHasin3a
CJIOXKHO OpraHn30BaAdHHbIX OAHHbIX
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"Mocksa, UITY PAH
2Mocksa, HIY BIITD

PaccmarpuBaercs 3a1ada ucciie1oBanus KPyTHOMACIITaOHOM cuc-
TeMbl YIIPABJIEHUsI, KOTOPasi COCTOUT U3 OOJIBIIOIO YUCIa OOBEKTOB,
KaXKJIbIIl 13 KOTOPBIX XapPaKTePU3yeTCsi HAOOPOM PA3HOPOIHBIX I1apa-
MeTpoB. JljIst penteHns OCTaBIEHHON 3a/1a91 IIPe JIaraeTcs NCCae0-
BaTh CTPYKTYPY B3aMMOPACIIOJIOXKEHUsI STUX OOBEKTOB B IIPOCTPAH-
cTBe MH(POPMATUBHBIX [TAPAMETPOB. JTO MO3BOJISIET CYIIECTBEHHO 10~
BBICUTDH 3(DDEKTUBHOCTL aHAIN3a (DYHKIMOHUPOBAHUS CUCTEMBI, a
TaK)Ke YCTONYIMUBOCTD IPONEAYD HPUHSATUS YIPABICHIECKUX Dellre-
auit. 1 BBISIBIEHUS TAKOil CTPYKTYPHI pa3pabOTaH CIENUAIbHBII
KOMILJIIEKC AJI'OPUTMOB HMHTEJJIEKTYaJIbHOTO aHAaJU3a CJI0KHO Opra-
HU30BAHHBIX JIAHHBIX, & TaKKe IIPOIEIyP IKCIEPTHOW KOPPEKIUH.
Komruteke Britouaer B cebst CJI€IyIONHe aJrOPUTMBL: CTPYKTYPHO-
kiaccudukanunonnoro anaausa ganabix (CKA), seibopa undopma-
THUBHBIX 1aPAMETPOB, BHIOOPA HAYAIBHBIX YCJIOBHUH JJIs aJTOPUTMOB
KJtaccuUKAIUU, BBIOOpa «OITUMAIBFHOIO» YUCJIA KJIACCOB, 3aI0JIHE-
HUs MPOILYIIEHHBIX HAOJIFOJIEHUN, & TaKyKe IIPOIEyPhl KCIEPTHOMN
KOPPEKIINU pe3yJIbTaTOB pabOThI 3TUX aaroputmos. [Iposeen Teope-
TUYECKUH aHAJN3 pas3andHbix BapuanTos ajropurma CKAJI, moka-
3aHBI TEOPEMBI O CXOJIMMOCTHU AJTOPUTMA K JIOKAIHHOMY IKCTPEMYMY
COOTBETCTBYIOIIETO KPUTEPUS KAYECTBA.

Pabora momepxkana rpantamu PODOU Ne 14-07-00463-a, Ne 13-07-
00992-a, Ne13-07-12201-odbu u Ne12-07-00540-a.

[1] AHopogerox FO. A., Ioxposckasn H. B., Kuceaésa H. E. Kommiekc ajro-
PUTMOB HHTEJIJIEKTYAaJIbHOI'O aHaJIu3a CJIO?KHO OPraHM30BaHHBIX JJaH-
HBIX IIpU HUCCJIeJOBaHUU caabo (bOpMa.JII/I3OBa.HHbIX CUCTeM ylIpaBJie-
Husi // Mamunsaoe o6yuenue u ananus gaHubix, 2014 (B newarn).
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The complicated data mining algorithms complex
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2Moscow, SIU HSE

The problem of the large-scale management system study is consid-
ered. The system consists of a large number of objects, each of which
is characterized by a heterogeneous set of parameters. To solve the
set tasks, it is proposed to investigate the structure of the relative
location of these objects in the informative parameters space. This
allows to significantly increase the analysis efficiency of the system
functioning and the stability of the procedures for making manage-
ment decisions. To identify such patterns, special mining complicated
data algorithms complex and expert correction procedures were de-
signed. The complex includes the following algorithms: structural-
classification data analysis (SCDA), selection of informative param-
eters, selection of the initial conditions for classification algorithms,
selection of the “optimal” number of classes, completing missing ob-
servations, as well as procedures of expert correction of the results
for these algorithms. The theoretical analysis of different variants of
SCDA algorithm was carry out, and the algorithm convergence theo-
rems to the local extremum of the appropriate quality criterion were
proved.

This research is funded by RFBR, grants 14-07-00463, 13-07-
00992, 13-07-12201, and 12-07-00540.
[1] Dorofeyuk J. A., Pokrovskaya I. V., Kiseleva N. E. 2014 (in press). The

complicated data mining algorithms complex in the study of weakly

formalized management systems. Machine Learning and Data Analysis.
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orpaHunydeHuni
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alexshan@yandex.ru

B Poccun nabmogaercs neunnt (pruHAHCOBBIX PECYPCOB, TOCTYII-
HBIX JIJIsI OOHOBJIEHUS U MOJIEPHUA3AINY OCHOBHBIX (DOH/IOB €CTECTBEH-
HBIX MOHOIOJIUi. B KauecTBe BO3MOXKHOIO IOIX0/Ia K PEIIEHUIO IPO-
6s1eMbl OOBIYHO TPEIJIAraeTCsl BBIJIEJINTh HEKOTOPbI CEerMeHT Jiesi-
TEJILHOCTH €CTECTBEHHON MOHOIIOJIMU U IMPUBJIEYb B HEIO YACTHBIX
WHBECTOPOB, IPEJAOCTABUB UM IPedEPEHIINH 110 U3BJICICHIIO KOMMED-
qeckoil mpubbLH. B poccuiickoit cucreMme KeIe3HOMOPOXKHBIX TTepe-
BO30OK OOHOBJIEHME BArOHHOTO IMAapKa COIPOBOXK/IAJIOCH TPUBJICICHU-
€M YaCTHBIX WHBECTOPOB, JOIYCKOM HMX HA PBIHOK I'DY30II€PEBO30K.
EcrecrBeHHBIM SI3BIKOM JIjIs aHAJN3a PE3YJIBTATOB TAKOro pedop-
MUPOBaHUS CHCTEMBI 2KEJIE3HOJOPOXKHBIX T'DY30IIEPEBO30K SABJISIOT-
CsI MATEMATHIECKHE MO/JIEJIN, YINTHIBAIONINE CIEIUMUKY IKOHOMUIE-
CKHUX OTHOIIIEHMI, CJIOXKUBIIUXCA B OTpacyu. B J1okjate paccMaTpu-
BaeTCsl MOJIeJIb KOHKYPEHTHOI'O PABHOBECHUsI, Pa3paboTaHHAasl JJIsl aHa-
Jm3a pobseM hOpMUpPOBaHUS TapuHONW ¥ WHBECTUIIMOHHON IIOJIU-
TUKHU YIIPABJIEHUs YKEJIE3HOMOPOXKHBIMU I'DY30IIEPEBO3KAMU B COBpE-
MEHHBIX POCCHIICKUX yCIOBHUsAX. [loIyden BapuaIrimonHbii TPUHITUI B
dopme apbl B3aUMHO JIBORCTBEHHBIX 33129 BBITYKJIOTO IPOrPaAMMU-
pOBaHUsI, U3 PeIleHns KOTOPBhIX HAXOIUTCS KOHKYPEHTHOE PaBHOBE-
cue. U nenrudukaiiusi MOZE/IH 1O JIAHHBIM O YKeJIE3HOIOPOXKHBIX I'PY-
3onepeBo3kax 3a 2013 r. BhIIBWIA HAJIWINE HECOBEPITEHHONW KOHKY-
peHInu, KOTOpas MOXKET OBITH 00YC/IOBJIEHA KOMMYHUKAIMOHHBIMEI
OorpaHWYeHUsIMHA. AHAJIN3 BIUSHAS KOMMYHHUKAIIMOHHBIX OT'DAHUYe-
HUIl OCHOBBIBAETCSI HA WMCCJIEJ0BAHUM OOPATHON 3asa4u (IIpo6IIeMbl
MOMEHTOB) U CBSI3aHHBIX C Heil KOMOMHATOPHBIX CTPYKTYD [1].

Pabora mnommep:kama rpanrom POOU Ne13-07-13110 odu-m-
P2KJI.

[1] Bawenxo M. II., Tacnwuros A.B., Moauanos E. I'., Ilocnenosa JI. .,
HICLH(IHUH A A BI)ILII/ICIII/IMI)IG MOJEJIM U YUCJIEHHbIE METO/bI JIJid aHa-
Jm3a TapugHOI MOIUTUKY YKEJIe3HOJOPOXKHBIX IepeBo3ok // Coobrue-
HHS TI0 IIPUKJIaIHON MareMaTuke, 2014.
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Rail freight computational model
under communication constraints.

Shananin Alexander'? alexshan@yandex.ru

'Moscow, MIPT
2Moscow, CCAS

In Russia, there is a shortage of financial resources available for the
renewal and modernization of fixed assets of natural monopolies. Cut-
ting a certain segment of the natural monopoly activities and attract-
ing private investors into it giving them preference for extracting prof-
its are usually proposed as a possible solution for this problem. In the
Russian system of rail freightage, car fleet renewal was performed by
private investors, which were admitted to the cargo transportation
market. Mathematical models taking into account specific economic
relations prevailing in the industry are the natural language for anal-
ysis of the results of the rail freight system reform. The report ex-
amines the competitive equilibrium model developed for the analysis
of the problems of tariff and investment policy management of rail
freight under modern Russian conditions. The variational principle in
the form of a pair of mutually dual convex programming problems,
solutions of which is a competitive equilibrium, is obtained. Identifica-
tion of the model using rail freight data in 2013 revealed the presence
of imperfect competition, which may be attributed to communica-
tion constraints. Analysis of the communication constraints impact
is based on study of the inverse problem (the problem of moments)
and related combinatorial structures [1].
This research is funded by RFBR, grant 13-07-13110 ofi-m-RZD.
[1] Vashchenko M., Gasnikov A.; Molchanov E., Pospelova L.,
Shananin A., 2014 (in press). Computational models and algo-
rithms for the rail freight tariff policy analysis. Bulletin on Applied
Mathematics.
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Knaccudukauma pparmeHToB Tekcra
npu 3KcnepTuse gucceptaunii Ha npegmer
3aumcTBOBaHWiA (nnarmwarta)
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Huxyaurna Oavea Baadumuposra diss@rsl.ru

Mocksa, Poccuiickast rocyapcrBennast 6ubmnoreka

Poccniickasi rocymapcTBenHas OnbOIMOTEKA OKA3BIBAET YCIYTY
IIPOBEPKU HayYIHBIX TEKCTOB Ha HaJNINE HEKOPPEKTHLIX 3anMCTBO-
Bauuil (rwtarmara). JlJis MEPBUYHOIO COMOCTABIIEHUS HPOBEPSIEMBIX
paboT ¢ TeKcTaMu U3 DJIEKTPOHHON OHOIMOTEKN IUCCEPTAIil U aB-
ropedeparos (9B PI'B) ucnonb3yerca mporpaMMHBIT KOMILIEKC
«Anrunnaruar.PI'B», criocobublii 6b1cTpo 1 3PpPEKTUBHO HAXOIUTH
coBnaamomue hparMeHTsl B PYCCKOA3BIYHBIX TeKcTax. HaitieHHble
COBIIQ IEHUs] U3YJAET IKCIEPT, OH KJIACCU(DUIMPYET 3aMMCTBOBAHUSI,
BBISIBJISIET HEKOPPEKTHBIE W OIEHUBAET UX CMBICJIOBYIO 3HAUMMOCT.
Metromosioruio nposepku onpejessaior tpu dakropa: (1) Hezakper-
JICHHOCTD IIOHSTHs <«ILUIArMaT» B 3akoHojaresnbcrBe P®; (2) cocy-
[IECTBOBAHKE PA3JIMIHBIX IIOJXOI0B K 6opbbe ¢ mtaruaroM; (3) cre-
uduKa JUCCEPTAIMOHHOIO UCCJIEI0BAHUs KaK 00bEKTa aBTOPCKOIO
mnpasa.

Heszasucumocts sxcneprussl, npoBogumoit 8 PI'B, obyciioBiiena
TeM, YTO KCIIEPTHI HE UMEIOT IPSIMOT0 OTHOIIEHUS K aBTOPCTBY IIPO-
BEpsSIeMBIX paboT, OeCIpPUCTPACTHBI K paboTaM, BBITTOJTHEHHBIM B TPa-
JUIUSX KOHKPETHON HAyYHOH IIKOJIBI, HE 3aBUCAT B CBOMX BBIBOJAX
OT JIEHEXKHOI CTOMMOCTH 3aKa3a, He YYaCTBYIOT B BbIOODe 3aKa3a Ha
MIPOBEPKY U HE HAXOJSITCS IOJ[ BJIMSHUEM 3aWHTEPECOBAHHBIX JIUIL.
[Ipu sToM oHM DOPMUPYIOT CBOE 3aK/IIOUEHNE, OMUPASCh HA 00bHEK-
TUBHBIE (DAKTHI: IPOU3BeJeHHbIH cucremoil « Autuninaruar.PT'By or-
60p MCTOYHUKOB, HAJIMYAE TEKCTOBBIX COBNaeHui u ap. [1].

Pabora nmognepxkana rpantom POOU Ne 13-07-00975.

[1] Aedeesa H. B. Jlobanosa I A. Knaccudukanusi (pparMeHTOB TeKcTa
IpHM IKCHEPTU3E TUCCEPTAIMI HA MPEIMET 3aMMCTBOBaHMi (marua-
ta) // Nndopmanmonnsie pecypcsl Poccun, 2014. Nel. C. 2-6. http:
//www.aselibrary.ru/digital_resources/digital_resources69/
digital_resources6970/digital_resources69705071/.
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Classification of text fragments in the examination
of theses on the subject of borrowing (plagiarism)

Awvdeeva Ninax avdeeva@rsl.ru
Lobanova Galina diss@rsl.ru
Nikulina Olga diss@rsl.ru

Moscow, Russian State Library

The Russian State Library provides a service of testing scientific texts
for plagiarisms. For primary matching of the tested paper with those
ones of the Digital library of dissertations and author’s theses (DDL
RSL), there is used a program complex “Antiplagiat.RSL” specially
developed for a rapid and effective search of identical fragments in the
Russian texts. Afterwards, the found fragments are studied by an ex-
pert who classifies the borrowings, detects plagiarisms, and evaluates
their scientific significance for the paper. The methodology of this
test is determined by three factors: (i) absence of term “plagiarism”
in RF legislation; (i7) existence of diverse practices of fighting plagia-
rism; and (444) specificity of dissertation research as of a Copyright
unit.

The plagiarism test carried out at the RSL is independent in its
essence, as the RSL experts are not the interested parties: they are
not connected with authorship of the paper; they have no preferences
to ideas of any scientific school; their opinion does not depend on the
price of the order, and they do not participate in choosing the paper
for testing. Finally, they are not under influence of certain interested
parties. Meanwhile, they ground their opinions only on the facts,
i.e., on the sources selected by the “Antiplagiat.RSL” system, on the
revealed coincident places in the texts, etc. [1].

This research is funded by RFBR, grant 13-07-00975.

[1] Avdeeva N., Lobanova G. 2014. Classification of text frag-
ments in the examination of theses on the subject of borrow-
ing (plagiarism). Information Resources of Russia 1:2-6. http:
//www.aselibrary.ru/digital_resources/digital_resources69/
digital_resources6970/digital_resources69705071/.
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Pacuer cemaHTnueckoin 61M30CTM KOHLENTOB
Ha OCHOBe KpaT4alwmnx nyTei B rpace CCbioK
Bukunegun
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Kopwyroe Anmon Buxmoposun korshunov@ispras.ru

Mocksa, MucTuTyT cucreMHoro nporpamMmmupoanunst PAH

CemanTndeckast 6JIM30CTH TAPBI TIOHATHH, WU KOHIENTOB, — Me-
pa, oTpakaroliasl CTEleHb WX CMBICJIOBOU CBs3aHHOCTU. B cucre-
me anaimsa Tekcros Tekcreppa (MICIT PAH) mepa cemanTHYueCcKON
Gimzoctn (Mepa Jlafica) MCIOAB3yeTcs JJIsl Pa3peIleHus JIeKCHIe-
CKOit MHOTO3HAYHOCTH TepMuHOB. [lockosibKy Oa3a 3nanuit Tekcrep-
pbI cTpouTcs Ha ocHOBe Bukwumeamu ¢ coxpanenueMm rpada rumepc-
CBUIOK MexKjy crarbsaMu (KoHientbl B Texcreppe — crarbu Buku-
[e/IuK), Mbl 3aMHTEPECOBAHLI B TOYHBIX CCBIJIOYHBIX MepaxX CeMaH-
THIeCKO# Osm30cTU. JIOKaJIbHBIE CCBIIIOYHBIE MEPBI, PACCMATPUBAIO-
IIFe TOJIBKO OJIM2KANIIIEe OKPECTHOCTH BEPIIUH, HE MOTYT JaTh OIEH-
Ky OJIM30CTH JJIsl TPOU3BOJILHON mapbl KOHIENTOB. HemocraTkoMm ke
I06AJIBHBIX Mep, UCIIOIB3YIONIX BECh Tpad, sIBJISIETCS CIUIITKOM BbI-
COKasl BpeMeHHAs CJI02KHOCTb.

B mupencrasiennoit pabore npejgaraercs riobajibHasi Mepa ce-
MAHTHYECKON OJM30CTH KOHIENITOB HA OCHOBE PACCTOSHUSA (IJIUHBI
KpaTJailiero wyTu) Mex 1y HuMu B rpade Bukuneauu.

Oriimyne mpeIaraeMoro MeTo1a OT CYIIECTBYIONIMX Mep Ha OCHO-
BE€ KpaTyallux IIyTeld 3aKJ/I04aeTCd B HCHOJIb30BAHUU 3HAHUU O
HEPABHOIIEHHOCTU PA3JINIHBIX TUIIOB CChUIOK BuKwWIeuu Jjist perie-
HUS JaHHOM 3asa4qu. Kpome Toro, s pacieToB UCIOIb3YIOTCS CIe-
[MAJIN3UPOBAHHBIE CTPYKTYPBI JIAHHBIX, [T03BOJIsONHE 3P HEKTUBHO
BBIUUCJIATH PACCTOSHUST MEXKJTy BEpITUHAMHI C TPUEMJIEMBIMHI PACXO-
JIAMU 10 TAMSITH.

B cpasuenun ¢ mepoit /laiica moka3bIBaeTCsI, ITO UCIOIb30BAHIE
KpaTJdaiiliux IyTeil MO3BOJISIET KAK OBBICUTH KOPPEJISIUIO IOy Ya-
€MBIX OIEHOK OJIM30CTH C IKCIEPTHBIMU, TaK U JOCTUUD JIYUIIHX Pe-
3yJITATOB B 3aJ/lade Pa3pelleHnsl JeKCUIeCcKoil MHOro3HaanocTu [1].
[1] Bapaamos M. H., Kopwynos A. B. Pacuer cemanTmaeckoii 6au3ocTn

KOHIIENITOB H& OCHOBE KpaTdaimux myreir B rpade ccbliok Bukune-

qun // MamunHoe o6y4eHne u aHauu3 JaHHblX, 2014 (B nevarn).
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shortest paths in Wikipedia link graph
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Moscow, Institute for System Programming of the Russian Academy of
Sciences

A measure of semantic similarity between concepts characterizes the
degree of relatedness between their senses. Texterra, a system for
text analysis from ISP RAS, uses Wikipedia-based Dice semantic
similarity measure for word sense disambiguation. Since Texterra’s
knowledge base is built from Wikipedia preserving structure of its
hyperlink graph (Texterra’s concepts are Wikipedia’s articles), we are
interested in precise link-based semantic similarity measures. Local
measures use only nearest neighborhood of vertices and thus cannot
provide the value of similarity for an arbitrary pair of concepts. Global
measures use the entire graph and thus have too high time complexity.

This work presents a global semantic similarity measure based on
distances (lengths of shortest paths) between concepts in Wikipedia
link graph.

The difference of the proposed method from existing measures
based on the shortest paths is in the usage of disparity of different link
types. Additionally, the present authors use a special data structure
which allows to compute the shortest paths efficiently with acceptable
memory costs.

Comparison the present method with Dice measure used in Tex-
terra system shows that the use of the shortest paths allows both to
increase the correlation between computed and expert similarity and
to achieve better results in the word sense disambiguation task [1].
[1] Varlamov M., Korshunov A. 2014 (in press). Computing semantic simi-

larity of concepts using shortest paths in Wikipedia link graph. Machine

Learning and Data Analysis.
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nadiinchi@gmail.com

BepOHTHOCTHaH TeMaTu4veCKasd MOJIEC/Ib BbIABJ/IACT TEMaAaTUKY KOJI-
JIEKIIUU TEKCTOBBIX JIOKYMEHTOB, OIKCHIBasI TEMBI JIMCKPETHBIMY PAC-
[IpeJIeJIEHUSIMI Ha MHOXKECTBE TEPMWHOB, JIOKYMEHTHI — JIUCKPET-
HBIMHU PACIpee/IeHUSIME Ha MHOXKeCTBe TeM. Addumuenas pezyis-
pusayus memamuueckur modeaetd (ARTM) ocHoBana Ha MakCHUMU-
3aIy B3BENIEHHOW CYMMBI Jorapudma IpaBIonoIo0us U JIOIOJIHU-
TeJIbHBIX KPUTEPUEB — PEryJisipu3aTopoB. Vcciemyoress KomOuHaImn
PeryJIsipU3aTOPOB CIJIAXKUBAHWS, PA3PE’KUBAHUSI, JTEKOPPEINPOBAHUS
u orOOpa TeM, COBMECTHO IOBBIIMMAIONINX WHTEPIPETUPYEMOCTD TEM.
[Ipemraraercs cmocod MOCTPOEHUS MHOTOMO/IAIHHBIX TEMATHIECKUX
MojieJieil, B KOTOPBIX JOKYMEHTBHI CBA3BIBAIOTCS HE TOJIBKO CO CJIO-
BaMU, HO U C KATErOpUsIMU, METKAMU BPEMEHU, aBTOPAMU, I0JIb30-
BaTenssMu. B nokimane paccmarpusaiorcs npumenenns ARTM st
MOJIE/IMPOBAHUS PA3IUIHBIX TEKCTOBBIX KOJIEKIINIl: HepapXuIecKas
mogies TemaTuku Koudepenruit MMPO u MOU 3a psi jer; nuna-
MUYecKasi MOJIEJIb ITIOTOKA IIPECC-PEIM30B BBICIIIUX OPraHOB IrOCYIap-
CTBEHHOI BJIACTU U OpraHOB BHENTHUX CHOIIIeHUT pdda CTpaH; MOJAEJ/Ib
KJTaccu(UKAIUU CUMBOJIbHBIX TIOC/I€I0OBATEIBHOCTEN JIJIsl JINarHOCTHU-
KF MHOT'MX 3a00JIEBAHUI TI0 JUCKPETU3NPOBAHHOMY 3JIEKTPOKAPIHO-
CUTHAJTYy. 3aTPArdBAIOTCs BOIIPOCHI PEAIU3AINN TaPAJIIeIbHON pac-
npesesnéanoit oubmoreku BigARTM 1151 MHOTOKpUTEPUATIBLHOTO Te-
MaTHYIECKOI'0 MOJIEJTUPOBAHNS OOJIBIIIX TEKCTOBBIX KOJIJIEKITUIA.

I'parter PODU: 14-07-00847, 14-07-00908, 14-07-31176.

[1] Vorontsov K. V., Potapenko A. A. Additive Regularization of Topic
Models // Machine Learning Journal, Special Issue on Data Analysis
and Intelligent Optimization, Springer, 2014 (to appear).
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Multi-criteria and multi-modal probabilistic topic
models of text collections

Vorontsov Konstantin**>* voron@forecsys.ru
Potapenko Anna®** anya_potapenko@mail.ru
Frei Olexandr! oleksandr.frei@gmail.com
Apishev Murat® great-mel@yandex.ru
Doikov Nikita® nikitad1016gmail.com
Shapulin Andrey’ a.shapulin@gmail.com
Chirkova Nadezhda® nadiinchi@gmail.com

Moscow, 'MIPT, 2CC RAS, 3MSU, “HSE

Probabilistic Topic Modeling (PTM) is a rapidly developing statisti-
cal tool for revealing a hidden thematic structure of text collections.
PTM describes each topic by a multinomial distribution over words
and represents each document by a multinomial distribution over
topics. Learning PTM is an ill-posed problem of stochastic matrix
factorization. We develop a non-Bayesian approach of Additive Reg-
ularization of Topic Models (ARTM) based on the maximization of
a weighted sum of the log-likelihood and additional criteria. We show
that a combination of sparsing, smoothing, decorrelation and topic
selection regularizers improves the interpretability of topics with al-
most no loss of the likelihood. Then we propose a multi-modal PTM,
in which documents can be linked with authors, class labels, cate-
gories, time stamps, users, etc.

We report several applications of ARTM: hierarchical model of
Russian conferences Mathematical Methods of Pattern Recognition
(MMPO) and Intelligent Information Processing (IOW) for 7 years;
dynamic model of official government documents from several coun-
tries for 10 years; classification of symbolic sequences for the diagnosis
of many diseases from a discretized ECG-signal. Also we consider the
implementation of distributed parallel multi-criteria and multi-modal
PTMs in the open source library BigARTM for processing large text
collections.

Thanks to RFBR grants: 14-07-00847, 14-07-00908, 14-07-31176.

[1] Vorontsov K. V., Potapenko A. A. Additive Regularization of Topic
Models // Machine Learning Journal, Special Issue on Data Analysis
and Intelligent Optimization, Springer, 2014 (to appear).
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CTpyKTypHble aHanormm B CUMBOJIbHbIX
nocsaen0BaTeNbHOCTAX Pa3/InYHON A3bIKOBOW

npupoabl

I'yces Baadumup JImumpuesur gusev@math.nsc.ru
Mupownuuenrxo Jrobosv AsexcarndposHax luba@math.nsc.ru
Canomamuna Hamaavs Bacuavesha nataly@math.nsc.ru

Hoocubupck, Mucturyr marematuku um. C. JI. Coborera CO PAH

CuMBOJIbHBIE TIOCIIEJ0BATEIBHOCTH (TEKCThI) SIBJISIOTCH OO EKTOM
UCCJIeIOBaHUS B MaTeMaTHKe, nHMOpPMaTHUKe, ONOJIOIUH, JIMHI BUCTHU-
Ke, My3bIKe. V3ydeHne CTpyKTypPhbl TEKCTOB IIO3BOJISIET PEIaTh BaK-
HBIE KJIACCU(DUKAIMOHHBIE, IBOJIIOIMOHHBIE U JIeNTN(MPOBOYHbBIE 3a/a~
9i B YKA3aHHBIX O0JacTsax 3HaHWsA. llpm Bcem MHOrooOpasmm Tek-
CTOB UX OObEIUHSIET MOHSITHE IOBTOPA B IIMPOKOM CMBICJIE KAaK dJIe-
MEHTapHOTO CTPYKTypooOpasyiomiero sieMenTa. 1lesbio paboThl sB-
JISIETCsI TUIU3AIAsl TIOBTOPOB U UX KOMOWHAIWIA, T.e. CTPYKTYPHBIX
emHUIL OoJtee BBICOKOTO ypoBHs. Obcyx)1aercst ux pyHKIMOHAIbHAS
Harpy3Kka, IIPOBOIATCS MEXKbsI3bIKOBbIE aHajorun. [Ipencrasienue o
Hanbojiee XapaKTEPHBIX CTPYKTYPHBIX €INHUINAX JAI0T (PparMeHThI
TeKCTa ¢ aHOMaJibHO Hu3Koii (o Kosimoroposy) ciioxkuoctbio. st
ux OOHAPYKEHUsSI UCIOJIB3YIOTCS CJIOXKHOCTHBIE MTPOMUIIN TOCTIET0-
BATEJIbHOCTH (BBEJIEHBI aBTOPAMU) M ANNApAT CKAHUPYIONIUX CTATH-
cTUK (aJaITUPOBaH ABTOPAMU JIJIsi TEKCTOB HA €CTECTBEHHOM SI3bl-
ke). OmmauTesbHOl 0COBEHHOCTBIO UCIIOJIb3YEMOrO IIOJXO/A SIBJIs-
eTCsl IPUMEHUMOCTb €0 K Pa3IMYHBIM SI3BIKOBBIM cucremaM. [Ipu
0TOOpE CTPYKTYP JJIs HILIIOCTPAIAN IO/IX0Ja aBTOPBI PYKOBOJICTBO-
BaJINCh COODPAXKEHUSIMU «MEXK'bsI3bIKOBO 00ITHOCTHY. MeXbsa3bIKo-
Bble aHAJIOTMH HA YPOBHE CTPYKTYD MOI'YT HHUIIMUPOBATH IIEPEHOC
uJieii 1 TOHATHUI, CBA3aHHBIX C OJHOU A3BIKOBOW CHUCTEMOM, Ha APY-
I'yI0, BKJIIOYasl [IOCTAHOBKY COJEP2KATEIbHBIX 33Ja9 U CIOCOOBI UX
perennst [1].

Pabora nmopmepxkana rpanrom PODU Ne 13-07-00400.

[1] Iyces B. /[, Mupownuuenxo JI. A., Caromamuna H. B. CtpyKrypHBIE

AHaJIOTUX B CHUMBOJIBHBIX IIOCJ/IEOOBATECABbHOCTAX pa3JII/I(IHOI>JI SI3BIKOBOIT

npupojsl // Mamuunoe obydenne u anaians gaHubix, 2014 (B negarn).
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Structural analogies in symbolic sequences of different
nature

Gusev Vladimir gusev@math.nsc.ru
Miroshnichenko Liubovx luba®@math.nsc.ru
Salomatina Natalia nataly@math.nsc.ru

Novosibirsk, Sobolev Institute of Mathematics of the Siberian Branch of
the Russian Academy of Sciences

Symbolic sequences (words, strings, texts) as an object of study are
encountered in various areas of knowledge: mathematics, informatics,
biology, linguistics, and music. Many problems related to analysis of
texts are of classification, evolutionary, and deciphering nature. De-
spite of diversity of texts, the existence of repetitions as elementary
structure-forming units is general for them. The purpose of the work
is typification of repetitions and their combinations, i.e., structural
units of higher level. The complexity profiles of sequence (introduced
by the authors) and scanning statistics (adapted for texts in a natural
language) are used for revealing such structures. As a result of pro-
cessing of different texts, the structural units which are characterized
by their “interlingual” nature are allocated and described.

This research is funded by RFBR, grant 13-07-00400.
[1] Gusev V.D., Miroshnichenko L. A., Salomatina N.V. 2014 (in press).

Structural analogies in symbolic sequences of different nature. Machine

Learning and Data Analysis.
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JKcnepuMeHTasibHOE NCCefoBaHMe MeToA0B
BbISIBJIEHUS1 HEHETKUX AYyDNnKaTOB Hay4YHbIX
nybnunkaumni

epbernés Huxonatli Buxmoposuy nicvic@mail.ru
Kosaox JImumputi Aaexcarndposuy dmitry.kozliuk@gmail.com
Huxumun Badum Baadumuposurx vadimirtoej@gmail.com
Toauees Baadumup Onezosun tolcheevvo@mail.ru

Mocksa, Hanmonamsubit ncciaenoBareabckuii yunsepcurer « MIOU»

PaCClVIOTpeHbI u3BeCTHbIe MeTO/Ibl, B TOM 4YHCJIE aBTOpCKI/IIk/’I*
06001meHnbIH Koabdunuent accommparusroctn (OKA), s BbisiBe-
HUSI HEYETKUX JyOJUKATOB B HAYYHBIX IIyOJUKAIIASIX U KPUTEPUHU -
dexruBHOCTH WX paboThl. CdopmyaupoBaH IeaeBoil Kpurepuili pa-
6OTBI METO/IOB, COYETAIONNI TPEOOBAHUS K IIOJHOTE W K TOYHOCTH.
CocrasjieHa BBIOOPKA Iap JIOKYMEHTOB, IIPeICTaBJIEHHBIX OubJImmorpa-
buuecknMu onucaHusME (3ar0JOBKAME U AHHOTAIMSIMHE ), TIOJTY I€HbI
IKCIIEPTHBIE OIIEHKY CXOXKECTH JIOKYMEHTOB B apax. [IpoBeieHbl 9KC-
MMEPUMEHTHI IO YCTAHOBJIEHUIO HAUOOJIBINEH TOYHOCTH PE3YJILTATOB
PAa3IUIHBIX METO/OB MPHU OTpaHUYeHUH Ha MOoJaHOTY. [Iasa Kosddn-
nuenTa acconuarusHocTu Jxkakkapmaa u OKA, nmpojgemMoHcTpUpOBaB-
X HAWJIy4Ilne Pe3yJIbTaThl, IPEeJIOyKeHbl U allpOOUPOBAHBI CIIOCO-
61 nosbimenust Toudoctu 10 74 % npu nosmore 90 %. Pesynbrars
MIPOBEPEHBI IIyTEM AHAJN3a MOJHOTEKCTOBBIX OIMCAHWI YaCTU JTOKY-
MEHTOB HCCJIeIyeMO BBIOOPKHU, JOCTYIHBIX IIyOJIMIHO.

[1] Aepbenés H. B., Kosaox /1. A., Huxumun B. B., Toauees B. O. dkcue-
puMeHTaJIbHOE NCCJIeIOBaHue METOJO0B BbISIBJICHUA HEYCTKUX ,Hy6JII/IKa-
TOB Hay9HBIX MyGsmkanuii // Mammanoe o6yvyenne u aHAIN3 JAHHBIX,
2014. T. 1. Ne7. C. 875-884. http://jmlda.org/papers/doc/2014/
no7/Derbenev2014Experimental . pdf.
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Experimental research of near-duplicate detection
methods for scientific papers

Derbenev Nikolay nicvic@mail.ru
Kozliuk Dmitry dmitry.kozliuk@gmail.com
Nikitin Vadimx vadimirtoej@gmail.com
Tolcheev Vladimir tolcheevvo@mail.ru

Moscow, Moscow Power Engineering Institute

Near-duplicate detection problem focuses on determining pairs of se-
mantically equivalent documents which differ syntactically. For scien-
tific papers, this case corresponds either to plagiarism among different
authors or to a single author publishing “cloned” papers to achieve
higher citation rank. Given a set of document pairs with a prior:
expert opinions, efficiency of any near-duplicate detection method
can be measured by the number of correct detections (recall) and
false-positive count (precision). These metrics cannot be maximized
simultaneously — complex criterion is used.

Improvements can be made by choosing a method with the high-
est precision for a given recall and then preprocessing documents in
favor of specifics of the selected algorithm. The authors propose an ef-
ficiency criteria limiting both recall and precision. Then, form a sam-
ple set of title and abstract pairs is formed, and expert assessments
are acquire for them. After that, a sample set is used to evaluate
performance of various near-duplicate detection methods subjected
to the criteria proposed.

Precision of 74% at 90% recall for Jaccard and generalized (GSC)
similarity coefficients appeared to be reachable by removing frequent
words of authors’ vocabulary from the documents’ abstracts. Along
with Winnowing, GSC scored best in method comparison without
preprocessing. The results were checked on a subset of documents
with full texts available (about 20% of sample set). Verification con-
firmed high sustained precision by revealing documents with near-
duplicate titles and abstracts to have identical content [1].

[1] Dernenev N.V., Kozliuk D. A., Nikitin V. V., Tolcheev V. O. 2014. Ex-
perimental research of near-duplicate detection methods for scientific
papers. Machine Learning and Data Analysis. 1(7):875-884. http://
jmlda.org/papers/doc/2014/no7/Derbenev2014Experimental . pdf.
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Perynsipnsaymnsa MHOrosi3bl4HbIX TeMaTU4eCcKnx
mopaenein

Aydapenrxo Mapura Aaexceesra m.dudarenko@gmail. com
MockBa, MOCKOBCKHIT TOCYJIapCTBEHHBIN YHUBEPCUTET

um. M. B. Jlomonocosa;

Mocksa, Borauciurenbuniii ieatp uM. A. A. Jlopoauunsiaa Poccuiickoit
aKaJIeMnn HAyK

B MHOTI'OA3bITYHOM TEeMaTHYI€CKOM MOJIe/JIMPOBaHUN JIJId IIOJIyYde-
HUsl COIVIACOBAHHBIX MHOI'OS3BIYHBIX TEM M3 TEKCTOBBIX KOJIIEKITUI
HY2KHBI JIOTIOJIHATEJIbHBIE PECYPChI, CBSI3bIBAIOININE A3bIKHA. BOJIBIITIH-
CTBO MHOTOSI3BIYHBIX MOJIesIeli ocHoBbIBaroTcs Ha Mojesnn LDA (latent
Dirichlet allocation) u yuuTsiBaioT 60 CBsI3aHHBIE JOKYMEHTBI, JIH-
60 JIBySI3bIYHBIE CJIOBAPH.

B pa6ore [1] mpenjaraertcst MHOIOsI3bIMHASI MOJEIbL HA OCHOBE
aJINTUBHOM PEryJIspU3aIuil TeMaTUIECKUX MOJesIedl, T03BOJIAIONast
OJIHOBPEMEHHO YUYUTHIBATH CBSI3U MEXKJIy JOKYMEHTAMH Iapasijieib-
HOI WM CPABHUMOW KOJIIEKIIMM W JABYSA3LIUHBIA cjaoBapb. lIpm mc-
0JIB30BaHNN WH(MOPMAIUU U3 JIBYSI3BITHOIO CJIOBAPS MOYKHO Dac-
CMaTpUBATh MATPHILY HEPEBOJIOB KaK HEM3MEHHBIN OOBEKT MU 2Ke
HaCTPAMBATh BEPOSITHOCTU IIEPEBOJIOB B KayKJOH TeMe.

KauecTBO MHOTrOSIZBBITHBIX MOJIEJIEl OIEHUBAETCS M0 CPEeHEe mo-
3UIUK JIOKYMEHTa-[IePEBOJIa B MMOUCKOBOW BbIJAYE KPOCC-I3BITHOTO
orcka. B 9ToM cirydae 3ampocoM SIBJISETCS JIOKYMEHT Ha, OJTHOM sI3bI-
Ke, a IIOUCK IIPOU3BOJUTCHA CpeJn JOKYMEHTOB JIPYTOro A3bIKa.

ITokazano, 9T0 KOMOMHUPOBAHHBII yUeT CJIOB-IIEPEBOJIOB U3 JIBY-
SIBBIMHOIO CJIOBAPsl M CBA3AHHBIX JOKYMEHTOB YJIydIlaeT KadeCTBO
KPOCC-SI3BIYHOTO TIOMCKA MO0 CPABHEHUIO C MOJIEJISMU, UCHOJIB3YIO-
MUMHU TOJBKO ojuH Tun wHbopManuu. [Ipu ucrosbp30BaHun IBY-
SIBBIYHBIX CJIOBApEil OIEHUMBAHNE BEPOSTHOCTEH MEPEBOJIOB, 3aBUCSI-
X OT TEMBI, ellle OOJIbIIe yIydIaeT KadecTBo. Jlurst KaxkIoro mepe-
BOJ/Ia B CJIOBape TeMaTUUIecKas MOJIEIb HO3BOJISIET YKa3aTh KOHTEKCT
(mabop TeM), B KOTOPOM JaHHBIN IepeBos HauboJjiee yMeCTeH.

Pabora nmogmep:xana rpantamMmu POOU Ne14-07-31176 u Ne 14-07-
00908.

[1] Aydapenxo M. A. Perynsipusanusi MHOrOSI3bIYHBIX TEMATHYECKUX MO-
nesieit // MamunnaHOoe o0y4eHue u aHaau3 JaHHbX, 2014 (B nevarn).
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Multilanguage topic models regularization

Dudarenko Marina'? m.dudarenko@gmail. com
'Moscow, Lomonosov Moscow State University;
2Moscow, Dorodnicyn Computing Centre of RAS

The goal of multilingual topic modeling is to discover multilingual
topics from text corpora. To make them aligned across languages,
additional information connecting languages is required. Most mul-
tilingual models have been developed mainly on the base of LDA
(latent Dirichlet allocation) model with usage of either parallel and
comparable corpora or bilingual translation dictionaries.

In the work [1], a multilingual model based on the additive regu-
larization of topic models (ARTM) allowing to combine both paral-
lel or comparable corpus and bilingual translation dictionary is pro-
posed. Two approaches to include information from bilingual dictio-
nary are suggested: the first assumes translation matrix to be con-
stant, and the second learns translation probabilities for each topic.

To measure quality of the proposed multilingual models, cross-
language search is performed. For each query document in one lan-
guage, the position of its translation to another language is computed
and then average positions across all queries is calculated.

Combining word translations from bilingual dictionary with con-
nected documents improves cross-lingual search compared against
models using just one information source. Learning word translation
probabilities for bilingual dictionaries improves results even further.
This also allows to determine a context (a set of topics) for each
translation where this translation is appropriate.

This research is funded by RFBR, grants 14-07-31176 and 14-07-
00908.

[1] Dudarenko M. 2014 (in press). Regularization of multilanguage proba-
bilistic topic models. Machine Learning and Data Mining.
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dopmupoBaHne eguHNL, NpeacTaB/eHUs 3HaHW
B 3a/,a4e X OUEHKMN Ha OCHOBE OTKPbITbIX TECTOB

Emenvanos I'ennaduti Mapmurosuw Gennady.Emelyanov@novsu.ru
Muxatinos Jmumputi Baadumuposurx mdv74@list.ru
Ko3noe Aanexcandp Ilasaosun caleo@yandex.ru

Besmukuit Hosropos, Hosl'Y

TecroBoe 3amanme OTKPBITOI (HOPMBI IIPEJIITOIATAaET OTBET UCIIbI-
TYEeMOTO B BH/JI€ OJHOI'O MJIM HECKOJBKUX IIPEJJIOZKEHUN eCTeCTBEHHO-
ro sizbika (E4). Tpeyioskena MeTOANKa aBTOMATH3MPOBAHHOTO GOp-
MUPOBaHUS €IMHUIl 3HAHWI, OIEHUBAEMBIX C IIPUMEHEHHEeM OTKPbI-
TBIX TECTOB. B ee OCHOBe JIEKUT pa3BUBaeMasi aBTOPAMU KOHIIEIIITUS
cutyanun ynorpebnenns Ef Kak equHUIBI ONMCAHWSA €T0 CEeMaHTHU-
Ku. ZI3BbIKOBOIT KOHTEKCT, (DPUKCUPYEMBIil JAHHON e IMHATIEH, OTpaskaeT
3HAYNMBbIE B CUTYAINH OOBEKTHI, OTHOIIIEHUS MEXK/TY HUMU U UX BBIPa-
JKEHUsI B TEKCTaX, SKBUBAJIEHTHBIX 110 cMbIC/Ty. CKa3aHHOE TI03BOJISIET
YUYUTBIBATH IEJIOCTHBIN 0Opa3 cuTyanuu yrnoTpeOJIeHusl IMpeIMeTHO-
orpanunveHHoro K4-moamuoxkecTBa /115t onMcaHus OTAETBHOTO (DaKTa,
npeaMeTHOH obacTu Tecta. Ha oCcHOBe MaHHON KOHIEIIINN PEraeT-
cs 3a/1a9a [IOMCKA HamboJjiee PaIMOHAIBHOIO IJIaHa IIePeIadn CMbIC-
Jla, MEXKJIy SKCIIEPTAMHU U 00yYaeMbIMU B CHCTEMe KOHTPOJIS 3HAHUI
C IPUMEHEHHEM OTKPBITBIX TeCTOB. IIpum 5TOM caM CMBICJ JIOJIXKEeH
OBITH OTPaYKEH B MAKCAMAJIBHO KOMIIAKTHOM O0beMe TEKCTOBBIX IAH-
HBIX, KOTOPBIE U yYACTBYIOT B OIl€HKE OJIN30CTH OTBETA MCIIBITYEMOTO
IpaBUWJILHOMY OTBeTy. B pabore mpejjaraercs perieHue yKa3aHHOI
3a/1a9M BblJeJIeHneM U KiiaccuduKalmeil CTpyKTYPHBIX €JIMHUIL, CO-
OTBETCTBYIOIIUX CUHTAIMaM U OIIPEJIE/ISIFOIIIX JIEKCUKO-CUHTaKCAIe-
CKHUe CBSI3W B PAMKaX CMbBICJIOBOTO 3TajioHa cutyaruu Ef-ymorpebire-
uus. [Ipu 9TOM HaiileHHBIE CMBICJIOBBIE STAJOHBI TO3BOJISIIOT MUHU-
MyM B 4 pa3a COKPaTUTh 00bEM TEKCTa, HEOOXOIMMOTO JJIs IIePeIadn
eIMHUIIBI 3HaHuM mocpeacTBoM B Mexay ero HocuTemsiMu 6e3 1o-
TepH MOJIE3HON CMBICIOBOI cocTasisomeit [1].

Pabora mognepxana rparrom PODU Ne13-01-00055.

[1] Emeavaros I. M., Muzaiinos /I. B., Kosaos A. I1. DopmupoBanne em-

HUIL IIPECTAaBJIEHUA IIPEJIMETHBIX 3HAHUN B 3a/1a49e uX OICHKHX Ha OCHO-

Be OTKPBITHIX TecToB // MamuaHoe obydeHue u aHagn3 JaHHBIX, 2014

(B meuarn).
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Forming of the knowledge units’ representations
to estimate them by open-form tests

Emelyanov Gennady Gennady.Emelyanov@novsu.ru
Mikhaylov Dmitryx mdv740@list.ru
Kozlov Aleksandr caleo@yandex.ru

Veliky Novgorod, Yaroslav-the-Wise Novgorod State University

An open-form test task in the system for computer-aided testing of
knowledge presupposes a trainee’s answer in the form of one or sev-
eral sentences in natural language (NL). The problem considered is
the computer-aided formation of knowledge units for their estima-
tion by means of open-form tests. The decision method is based
on the developed-by-authors conception of NL-usage situation as
the unit of formalized description of text semantics. Language context
fixed by this unit reflects significant objects, relations between them,
and expression of these relations in the texts equivalent-by-sense.
This allows to take proper account of an integral pattern of usage sit-
uation for NL subject-oriented subset at description of specific fact
of test’s subject area. Here, the problem to seek the most rational plan
for sense’s transfer among experts and trainees which participate in
open-form-testing is solved with application of the suggested concep-
tion. The sense as a result has to be reflected in a maximum compact
volume of text data. These data are what has to be processed at esti-
mation of affinity to the given correct variant for the trainee’s answer.
This paper represents how to allocate these data by revelation and
classification of structural units which define lexical syntactic links
and correspond to syntagms concerning a sense standard for NL us-
age situation. Here, sense standards are found that make it possible
to reduce a volume of text necessary for lossless-in-sense transmission
of knowledge unit between native speakers by means of NL [1].

This research is funded by RFBR, grant 13-01-00055.
[1] Emelyanov G., Mikhaylov D., Kozlov A. 2014 (in press). Forming of

the knowledge units’ representations to estimate them by application

of tests of the open form. Machine Learning and Data Analysis.
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KomnbloTepHoe ncuxonornyeckoe TectmpoBaHue
Ha 6a3e nopTtana MultiTest

2Kaprosa Oxcara Cmanucaasosra umx@bk . ru
Bepecmnesa Oavea I'puzopvesta ogb6@yandex.ru
Mouceenrxo Aaexcarndp Baadumuposuy alex@am.tpu.ru
Mapyxura Oavea BaadumuposHax marukhina@tpu.ru

Tomck, ToMmcknit MOJIMTEXHUYECKNH YHUBEPCUTET

CraTbst oCBsiIeHa mpobyeMe Co3IaHusT YHUBEPCATHLHOIO HHCTPY-
MeHTapusd JJIsd OpraHu3alll KOMIIbIOTEPHOI'O IICUXOJIOTNTYIECKOT'O TeC-
TupoBaHus Ha Oaze moprana MultiTest. ITopran npescrabisier co-
601t WEB-cepBep ¢ MHOTOypPOBHEBBIM TIOJIb30BATETHCKUM JIOCTYIIOM,
910 obecrnednBaeT KOHMUICHITNAILHOCTD U O€30MACHOCTD ITOJIY9€H-
Hoil mudopmanuu. Jlano onucanme CTPyKTypPhl HOPTAJIA, BO3SMOXKHBIX
IPYIII [I0JIb30BaTeseli (AHOHUMBI, TeCTUPYeMble, TeCTUPYIOIIUe, Pe-
JIAKTOPBI, AHAJMTUKHU, aJIMUHUCTPATOPHI, CYyNEePaJIMIUHICTPATODHI) 1
ux Bo3MoxkHOCTEH. Ocoboe BHUMaHUE yJIEJeHO pa3pabOTaHHOMY aB-
Topamu «PemakTopy TecToB», ¢ IOMOIIBIO KOTOPOTO CO3/aHUE U I0-
baB/IeHre HOBBIX IICUXOJOTHIECKNX TECTOB JOCTYIIHO MIaXKe MOJIb30-
BaTeJIsIM, HE HMEIOIINM OIIbITa IPOrpaMMUpOBaHus. VHCTPYMEHTHI
[I0JIB30BaTE/Isl C IPABAME PEJIAKTOPA IIPEJICTABIISIIOT CODOH CpejicTBa
PelaKTHPOBAHUST MOJLYyJIEll, PACIIOJIOXKEHHBIX B 6a3e JaHHbIX. B cTarhe
[IPEJICTABJICHBI [IBa, MIPUJIOXKEHUsI, pa3paboTaHHble Ha Oase moprasa:
(1) mpodopueHTaAIMOHHOrO TeCTUPOBaHUS Jjisd abuTypueHToB ToM-
CKOTI'O [OJIMTEXHIYECKOTO YHUBEPCUTETA; (2) OLEHKN KOMIIETEHTHOCTI
IT-cuenuasmcros.

Pabora nmopnep:kana rpantom PO Ne 14-06-00026.

[1] Zharkova O.S., Berestneva O.G., Moiseenko A. V., Marukhina O. V.
Psychological computer testing based on multitest portal // World
Appl. Sci. J., 2013. Vol. 24. C. 220-224. http://www.idosi.org/wasj/
wasj (ITMIES)13/36.pdf.
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Psychological computer testing based on MultiTest
portal

Zharkova Oksana umx@bk . ru
Berestneva Olga ogb6@yandex.ru
Moiseenko Aleksandr alex@am.tpu.ru
Marukhina Olgax marukhina@tpu.ru

Tomsk, Tomsk Polytechnic University

The article is devoted to the problem of creating a universal tool for
computer psychological testing based on portal MultiTest. The portal
is a WEB-server with multiuser access to ensure privacy and secu-
rity of information received. The description of the portal structure,
potential user groups (anonymous, tested, teachers, editors, analysts,
administrators, and super administrators) and their capabilities is
given. Particular attention is given to the “Test editor” developed
by authors, with the help of which creating and adding new psycho-
logical tests are available even for users without programming ex-
perience. The tools available for user with editor’s rights are editing
modules arranged in a database. The paper presents two applications
developed on the portal basis: (1) a vocational guidance test for ap-
plicants of the Tomsk Polytechnic University; and (2) assessing the
IT-specialists competence.
This research is funded by RFBR, grant 14-07-14-06-00026.

[1] Zharkova O., Berestneva O., Moiseenko A., Marukhina O. 2013. Psy-
chological computer testing based on multitest portal. World Appl.
Sci. J. 24:220-224. http://www.idosi.org/wasj/wasj(ITMIES)13/36.
pdf.
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Cnocobb! noBbiWweHnsa To4HOCTU Kaaccudpumkaumm
ABYSI3bIYHbIX TEKCTOBbIX OMbnnorpadumnyecknx
AOKYMEHTOB

Moxoe Andpeti Cepzeesurx asmokhov@mail.ru
Toavwees Baadumup Onezosun tolcheevvo@mail.ru
Mocksa, HUY «M3U»

PaccmarpuBaerca 3ajiada MOBBINIEHHS TOYHOCTU KJiaccuduKa-
MU TEKCTOB Npu 0OpabOTKe W aHAJM3€e JIBYSA3BIMHON MH(MOPMAIIUH.
[IpoBogsiTCst nccienOBaHs U3BECTHBIX MPONEAYD KIACCU(PUKAIINYN 1
[IPE/JIATAIOTCS JIBA TOXO0/IA IJjIs PEIIeHns TOCTABICHHON 3a1aun —
paszpaboTka MoauduKAIIH TPOPUIHLHBIX METOIOB U CHHTE3 KOJIJIEK-
tusos permatonux npasmwi (KPII). TatoTes pekoMeHIanmm mo cocTas-
nenmnio KPII B pamMkax paccMaTpuBaeMoii 3a1atu.

DKCIEPUMEHTAJIbHBIE HUCCIIEIOBAHUSI ABTOPOB ITOKA3aJIM, YTO WC-
MIOJTb30BAHNE CMEIIAHHBIX BHIOOPOK, KOTOPHIE COIEPAKAT TEPMUHOJIO-
TUYIeCcKy0 nH(MOPMAIIIO Ha PYCCKOM UM AHTVIMACKOM S3bIKaX, B OOJIb-
MIUHCTBE CJIydaeB obecreynBaeT Oojiee BBICOKYIO TOYHOCTH KJIACCHU-
duUKaIuu 110 CPABHEHUIO C OIHOS3BIYHBIMU BHIOOPKAMH.

Ha ocHoBe sKCIIEpUMEHTAILHBIX PE3YJIHTATOB MOXKHO CJIEJIAThH BhI-
BOJI O XOPOIINX TOYHOCTHBIX XAPAKTEPUCTUKAX TPOMUIHLHBIX METO-
OB — METO/IOB, OCHOBAHHBIX Ha IIOCTPOEHNH (HhOPMATHHOTO OOBEKTA
(upodbmiist) Kiracca, CrrocoGHOIO OUCATH OCTAJILHBIE JIEMEHTDI KJIAc-
ca. DTH METOJIbI, B TOM YNCJIEe HOBBIE, IPEJJIOXKEHHBIE B JIAHHOM CTa-
Thbe, 3a cueT OoJiee 3 PEKTUBHOTO BBISIBJICHUS NHMOOPMATUBHBIX TE€P-
MWHOB TIO3BOJISIIOT YLy 4IIATh TOYHOCTH KJIACCH(DUKAIIUN HA, CMEIIaH-
HBIX (ABYSI3bIYHBIX) BBIOOPKAX 110 CPABHEHUIO C M3BECTHBIMH <KJIAC-
CHYECKMMU» IPOIEyPAME — METOIOM K-OJIrmKaifimmx coceqieil u Me-
TOJIOM IEHTPOHUIOB.

IIpubu3nTeIHLHO OMHAKOBAaS TOYHOCTH BCEX MPOMPUIHLHBIX Me-
TOJOB IIPU MX BBICOKOW PA3HOPOJHOCTHU IO3BOJISIET OObEIUHATH ITU
nporenypsl B KPII — kostekTuBHBIN KiiaccuduraTop, 0018 1ammmi
6oJtee BBICOKOI TOYHOCTHIO KJIACCH(MPUKAINN ABYAIBITYHBIX TOKYMEH-
TOB 10 CPABHEHWIO C OJMHOYHBIME KiaaccuduraTopamu [1].

[1] Mozxos A. C., Toauees B. O. PazpaboTka MeTOI0B BEICOKOTOYHOMN KJIac-
CI/I(l)I/IKaLH/II/I JABYA3BIYHBIX TEKCTOBBIX 6I/I6JII/IOFpa,(bI/I‘JeCKI/IX JAOKYMEH-
toB // Undopmanmonnsie Texmosmormm, 2014. Ne5. C. 8-13. http:
//novtex.ru/IT/it2014/number_05_annot.html#3.
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Methods of bilingual text documents classification
precision increasing

Mokhov Andreyx asmokhov@mail.ru
Tolcheev Viadimir tolcheevvo@mail.ru
Moscow, NRU “MPEI”

The problem of improving the precision of a bilingual text documents
classification is considered. A research of well-known classification
methods is provided and two ways for solution of this problem — the
development of modifications for profile methods and ensembles of
classifiers (EoC) application — are suggested. Recommendations for
EoC’s construction in a context of this problem are given

The experiments show that in most cases, using of mixed, bilin-
gual corpus in Russian and English provides the higher precision of
classification than monolingual samples.

According to their experimental results, the authors get better
classification results with profile classification methods - methods
based on a construction of a formal object (profile) which can charac-
terize all other elements of a class. These profile methods, including
some new ones which are presented in this work, show better results
than “classic” methods (k-Nearest Neighbours, Centroid method) on
bilingual corpus. This occurs due to better extraction and weighting
of informative terms.

Roughly comparable precision with high diversity of profile clas-
sification methods allows one to unite them into ensembles of classi-
fiers, which show even better precision of classification on bilingual
text documents than monoclassifiers.

Both suggested ways of classification precision improving show
better results and efficiency on bilingual text documents compared
to classic methods [1].

[1] Mokhov A., Tolcheev V. 2014. The development of high-precision clas-
sification methods for bilingual text documents. Information Technolo-
gies 5:8-13. http://novtex.ru/IT/it2014/number_05_annot.html#3.
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MopgenupoBaHue BapMaTUBHOCTM NMPON3HOLWIEHUSA
AN YMEHbLUEHUs1 YPOBHSA OwWnNboK
Npu pacno3HaBaHUU peyu

Yyuynaa Baadumup Sdxosresur’ chuchuccas.ru
Kopenuwuxos Anmon Aaexcandposud’« vermilionmail.ru
"Mocxkra, Berancinrensusrit mentp uMm. A. A. JJopoxanmsma PAH
2MockoBcknii rocymapcTBennbii yansepcuer mM M. B. JTomoxocosa

AHnajm3 ommbOK aBTOMaTUYECKOIO PACIIO3HABAHUSI, 8 TAKXKe MO-
JIeJIbHBbIE SKCIIPUMEHTHI TOKA3bIBAIOT, UTO 3a CYET UCIIOJb30BAHUS
KOPPEKTHBIX BAPUAHTOB ITPOU3HECEHUSI CJIOB MOYKHO ITPUMEPHO BJIBOE
YMEHBIIUTD 9UCI0 OIMIUOOK paclo3HaBaHUA. B TO »Ke BpeMs M3BeCT-
HbIEe U3 JIATEPATYPbI IKCIEPUMEHTAJIbHBIE PE3yIbTAThl CBUIETEh-
CTBYIOT O TOpa3ao 60jiee CKPOMHOM BBIUTPBIIIE, JOCTHUTAEMOM IIPHU
HCIIOJIb30BAHUH MOJIE/ el BAPUATUBHOCTU ITPOUBHOIICHUSI.

B pabore oreHnBaeTcst IEPCIEKTUBHOCTD UCIIOJIb30BAHUS, C TOUKH
3peHusT yMEHDBIIEHUsI TOCJOBHON OMMOKM PaCIIO3HABAHUSI, MOIEJEt
BapUATUBHOCTHU ITPOU3HOINIEHUS JIJIsi 33/I[a491 PACIIO3HABAHUS CJIUTHON
pycckoit peun. [IpuBeneHa BepOSTHOCTHAST MOJETh BapUATHBHOCTU
MIPOU3HOIIIEHUSI, CIIOCOOBI OIIEHKH €€ TTAPAMETPOB, PEATU3AINY BBITUC-
JICHU#l B paMKaX CTaHJIAPTHBIX ITPOIIEIYP IMOUCKA IIPU PACIIO3HABAHUU
peun.

Tlokazano, 9TO JyIsT PEYEeBBIX KOPIIYCOB JAHHBIX, KOTOPBIE CO-
JepKaT YUTAaeMbIl pevueBoOil MaTepuas, B HOPMAJBHON OOCTAHOB-
Ke, OT JIIoJiel C HOPMATUBHBIM IPOU3HOIIEHHEM HCIOJIb30BaHNE
SIBHBIX MOJIeJIeil BapUaTUBHOCTH IIPOUBHOIIEHUs] MaJjio3(h(OEKTUBHO.
B To ke Bpems, J1g pacrio3HaBaHUs CIIOHTAHHON Pa3rOBOPHON pewn
¥ TIPU HECOOTBETCTBUH XapPAKTEPUCTUK TECTOBOTO PEUEBOI0 MATEpHU-
aJjia 00yJaromeMy METOIbI MOIETUPOBAHNSA BAPUATUBHOCTH TPOU3HO-
[IeHust MOryT 6bITh BecbMa 3(MEKTUBHBIM (CHUKAsT OTHOCUTEJIbHBII
YPOBEHb TaK HA3BIBAEMON IIOCJIOBHON OIMMMOKN PACIIO3HABHAHUS HA
17%) criocoboM yMeHbIeHuUs Yrcia onmboK paco3HaBanus [1].

Pabora mognep:xana rparrom PODU Ne14-01-00607.

[1] Yywynaa B. 4., Kopenuwuxos A.,A. MonenmupoBanue BapuATHBHOCTH

ITPOM3HOIIEHHUS /ISl YMEHbIIeHUs] yPOBHs OMIMOOK TP Paclo3HaABAHUY

peun // MamnsaHoe o6y4eHue u aHauus naHHbIx, 2014 (B nevarn).
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Improving speech recognition accuracy
by means of word pronunciation modeling

Chuchupal Viadimir! chuchu@ccas.ru
Korenchikov Anton®x vermilion@mail.ru
"Moscow, Dorodnicyn Computing Centre of the Russian Academy

of Sciences

2Moscow, Lomonosov Moscow State University

The analysis of automatic speech recognizer errors as well as the data
of “oracle” style experiments show that the utilization of the correct
pronunciation phonemic transcriptions during the recognition could
lower the word error rate (WER) level as much as 50%.

At the same time, the known from the literature experiments on
the speech corpora show only a insignificant improvements in WER
that are obtained with the implementation of pronunciation variation
models.

In this study, the potential, from the point of lowering the WER,
level, of the pronunciation variation models has been estimated for
the task of automatic recognition of fluent natural Russian speech.

The probabilistic pronunciation model is defined as well as the
methods for estimation of its parameters and implementation of the
multiple word phone transcriptions during the conventional search
procedures.

Numerical experiments show that for the conventional speech cor-
pora with read speech material, recordered in the calm environment,
with normal speaking rate, and standard pronunciation, the use of the
pronunciation modeling techniques could be not effective. At the same
time, for the corpora that contain a natural fluent speech, recorded
under the conditons that differ from those of the training material,
the use of the pronunciation variation models could bring the sub-
stantional improvements in WER. In the authors’ experiments, the
relative improvements in WER were more than 17% that makes the
pronunciation variation models a promising approach [1].

This research is funded by RFBR, grant 14-01-00607.

[1] Chuchupal V., Korenchikov A. 2014 (in press). Improving speech recog-
nition accuracy by means of word pronunciation modeling. Machine

Learning and Data Analysis.
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pacdbnyeckas BepoATHOCTHAsi MOAENb CO CKPbITbIMU
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IIpemaraercs rpadudeckasi BEPOSITHOCTHAS MOJIEIb Ha OCHOBE
ANMIPOKCUMAINN O0yYaONUX JAHHBIX IVIABHBIMA MHOT000pa3UsMU
MaJIoif pa3MepHOCTH, 33aHHBIMU B BHJI€ CETKH y3JIOB. B KadecTBe
AJITOPUTMa IOCTPOEHUS CETKHU Y3JIOB UCIIOIB3YETCS AJITOPUTM CaAMO-
opranusymonuxcs kKapt Koxonena. Hopmuposannoe ot 0 1o 1 paccro-
sSIHAE OT HADJIIOIAEMBbIX JAHHBIX JO KaXKJIOrO y3Jjia CeTKU MOYKET sIB-
JISTHCSL aHAJIOTOM BEPOSITHOCTHU IOsIBJIEHUsT HAOJIIOIAEMBIX JTAHHBIX B
CKPBITBIX COCTOSTHUSIX U UCIIOJb30BATHCS B AJTOPUTMAX BEPOSITHOCT-
HOTO BBIBOJ[a Ha IIpeJjIaraeMoil Mojiesin. 3a OCHOBY IIpeJiIaraeMoi
MOJIESTN B3sITa CTPYKTypa CcKpbiToit Mapkosckoit mogemn (HMM —
Hidden Markov Model), koropas npezcrapisier coboit rpad u3 aByx
THUIOB BEPINUH, COOTBETCTBYIOIIUX JBYM THIIAM CJIYYAHBIX BeJIU-
qun (HabJogaemMble U CKPBITHIE) U pebep Mexkjy Humu. Kaxiaomy
CKPBITOMY COCTOSIHHIO COOTBETCTBYET y3€JI alllPOKCUMUPYIOIIEH ceT-
ku. OOyueHre MOJIETN IIPOM3BOJUTCS HTEPAIMOHHON IIPOIELy PO,
HAIIPABJIEHHON Ha MAKCUMU3AIIAIO IIPaBIoIo100us. BeposTHOCTHBIM
BBIBO/I C I1€JIbIO BBIYHUCJIEHUST ITPABIOIIOI00UST ITPOUBBOUTCS AJITOPUT-
MOM <IIPsIMOTO-0OpaTHOTO XOmay. llpermaraemass B paboTe MOIE/b
nokaszaJja Jydime cpequ recrupyembix mogieseii (HMM, HCRF —
Hidden Conditional Random Fields) pesysnbrarer kiaccudukarmn
npun O6y‘{eHI/II/I Ha MaJIOM KOJIM4YeCTBeE O6yanOHLI/IX JJaHHDbIX (MeHee
100 9K3eMIIAPOB KasKJI0ro KJ1acca) Ha TecToBbIx Habopax “Character
Trajectories Data Set” u “Spoken Arabic Digit Data Set” u3 pernosu-
Topust UCI. K memocrarkam mpeamaraeMoil MOJIEIN CaeayeT OTHECTH
3HAYATEIHHO OOJIbIlIee KOJUIECTBO CKPBITHIX COCTOSHUII, 9€M B MO-
nensix HMM u HCRF, uro cka3biBaeTcsi Ha YBEJIUYEHHH BPEMEHU
BBINOJIHEeHUsI Kiaccudukanumu [1].

[1] Hanamapo U. H., FOaun C. C. Tlopoxpaomas rpadudeckas BepOsT-
HOCTHasl MOJeJb Ha OCHOBe IJIAaBHBIX MHOroobpasmii // Tpyuel
CIIMUPAH, 2014. C.227-247. http://proceedings.spiiras.nw.ru/
ojs/index.php/sp/article/view/1837/1683.
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Probabilistic graphical model with hidden states
based on the principal manifolds
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2Rybinsk, P. A. Solovyov Rybinsk State Aviation Technical University
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A probabilistic graphical model based on approximation of training
data with principal manifolds of small dimension given in the form
of grid nodes is suggested. Kohonen‘s self-organizing map algorithm
is used as an algorithm for constructing the grid nodes. Normalized
from 0 to 1, the distance from the observed data to each node is
considered as an analog of the probability of occurrence of the ob-
served data in the hidden states and is used in probabilistic infer-
ence algorithms on the proposed model. The basis of the proposed
model is Hidden Markov Model (HMM) structure, which is a graph
of two types of nodes corresponding to two types of random values
(observed and hidden) and edges between them. Each hidden node
corresponds to a node of the approximating grid. Model’s learning
is performed by an iterative procedure directed to maximizing likeli-
hood. Probabilistic inference to compute the likelihood is performed
using “forward—backward” algorithm. The proposed model showed
better results than the HMM and HCRF (Hidden Conditional Ran-
dom Fields) at training on a small amount of training data (less than

100 copies of each class) on the test sets from the UCI repository:

“Character Trajectories Data Set” and “Spoken Arabic Digit Data

Set.” The disadvantage of the proposed model is considerably larger

amount of hidden states needed comparing with HMM and HCRF

classifiers which leads to longer classification runtimes [1].

[1] Palamar I., Yulin S. 2014. Generative probabilistic graphical model
base on the principal manifolds. SPIIRAS Proceedings. 227-247.
http://proceedings.spiiras.nw.ru/ojs/index.php/sp/article/
view/1837/1683.
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2Mocksa, MOCKOBCKHUH (PUHKO-TEXHUYECKUH NHCTUTYT

OcobeHHOCTH paCIpPOCTPAHEHUsT OCAIOYHBIX ITOPOJ B IIPOCTPaH-
CTBEe 3HAYUTEJIbHO OIPEAENA0T (DUIHTPAIMOHHO-eMKOCTHBIE CBOM-
CTBa 3aJI€2KM, OT KOTOPBIX B CBOIO OY€PE/b 3aBUCIT IIPOIYKTUBHOCTD
U, B KOHEYHOM CUY€eTe, HAKOIJIeHHas 100bI4a ckBarKuH. Llesbio Jannoit
paboTHhI SIBJISIETCS TIOCTPOEHUE METO/IA, JIJIsl PACIIO3HABAHUSI JIUTOJIOIO-
darmaibHO 00CTAHOBKY HE(TIHOIO MECTOPOXKJIEHSI Ha OCHOBE IIPO-
MBICJIOBBIX JIAHHBIX KAPOTAXKHBIX TUATDAMM.

B pabore peanusyercs CleKTPaJILHBIA METO/T IIPE/ICTABICHUS T€0-
dusngeckux mosieil, KOTOPBIl ITO3BOJIAET aJEKBATHO MOJEINPOBATDH
HU3KOIIPOHUIIAEMbIE W BBICOKOPACUYJIEHEHHBIE KOJLJIEKTOpPa. B Kade-
CTBe BXOIHBIX JAHHBIX 3aJa9d PacCMaTPUBAETCs HAOOp MPOUHTED-
[IPETUPOBAHHBIX N€OJIOTOM KAPOTAYXKHBIX JIAHHBIX, KOTOPBIE SIBJISIIOTCS
oby4Jaroreil BIOOPKOW mist ajaropurma. s cokpaleHus pasmep-
HOCTHU 3aJ[a9U OCYIIECTBJISETCH BHIOOP MHMOPMATUBHBIX PU3HAKOB
(xkoacbdburnmentos Pypbe) Ha dTale obyueHus aaropurma. Jlamee me-
TOJAMK MAaIIMHHOI'O OOYYEHUsl PelaeTcs: 3aa4a KJIacCuUKaIuu 1Mo
TUHaM (QaraIbHBIX 0OCTAHOBOK KAPOTAXKHBIX JTAHHBIX CO BCETO MEC-
TOPOXKJIEHUsI C UCIIOJb30BAHNEM CIEKTPAJIHLHOTO IIPEICTABICHUS €0~
dusmaeckux mosieit. B Hactosimeit paboTe ComepKUTCs TaKKe IIpUMepP
YCIIENITHOTO IIPUMEHEHUs IIPEJJIOKEHHOr0 MeToma JJjis KJjaccuduka-
i anuii Ha yuacTKe PeasbHOTO MeCTOPOXKIeHus [1].

[1] Beaosepos B. B., Bouxos A. C., Ywmaes O. C., Pyxc O. M. Meroupl
MaIlIUHHOI'O o6yquH${ IIPpU BOCCTaAHOBJIEHUU O6CTaHOBKI/I OCaIKOHAKOII-
JIEHUsI B 33J1a9aX IeOCTATUCTHYECKOro Mozeauposanus // MammaHoe
obyueHne n aHains gaHHbIX, 2014 (B meuarn).
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Machine learning for sedimentation environment study
in the tasks of geostatistics simulation
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Distribution properties of sedimentary rocks determine considerably
the geometry and size of the reservoir and, consequently, the volume
of hydrocarbon reserves. Therefore, knowledge about general patterns
of rock sedimentation is significant for effective reservoir development.
This work suggests the method to study the geological structure of
oil field by automated recognition of litho-facial environment using
geophysical field data.

In geophysical field representation, the spectral method is used
which is well known for its adequate simulation of low-permeability
and compartmentalized reservoirs. The input data are presented by
geophysical information interpreted by the field geologist, which then
form the training set for the machine-learning algorithm. To reduce
the dimensionality of the data, only their significant features (Fourier
coefficients) are retained in the learning step of the algorithm. Fur-
ther, the data are classified into the different facial regions using the
machine learning technique.

The described method was applied to the region of the real oil field
(West Siberia) and allowed to successfully classify the wells according
to the litho-facial sedimentation environment [1].

[1] Belozerov B., Bochkov A., Ushmaev O., Fuks O. 2014 (in press). Ma-
chine learning for sedimentation environment study in the tasks of the
geostatistics simulation. Machine Learning and Data Analysis.

Mesxgynapognas kougepernus MOW-10. I'penusi, o. Kpurt, 4-11 okrsabpst 2014 r.
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AnocTtepuopHbie anropuTmsl B npobnieme
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Bocxobotinuxosa I'oavrapa Mapamoena' gulya@opg.sscc.ru
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Xatipemduroe Mapam Camamosuyw ~x marat@opg.sscc.ru
'Hogocubupck, MHCTHTYT BEIYNCINTENBHON MATEMATHKI

u maremarudeckoit reopusuku CO PAH

2Hogocubupck, Uncruryr maremaruku um. C.JI. CoBoresa CO PAH
3Hopocubupck, HoBocuGHpCKMii rocyIapCTBEHHbIN TeXHIYECKHil

YHHUBEPCUTET

IIpennoxken u uccaeayeTcs HOBBIM MOJXOJI B CBS3U C PEIIEHHEM
pobJIeMbl AKTUBHOTO Ie0(U3NIECKOr0 MOHUTOPHUHTA CECMUIECKIX
IIPOIECCOB, IMOPOKIAAEMBIX TEXHOT€HHBIMU HNCTOYHUKaMU. B OCHOBE
MOHHUTOPWHIA JIEXKUT PeIlleHre 3a/1a9i OOHAPYXKEHUsI U BbIIEJICHUS
re0aKyCTUIEeCKUX BOJHOBBIX (DOPM C ITOBBIMIEHHON TOYHOCTHIO. 3a-
Jlada ONEHWBAHUS HEU3BECTHBIX MAPAMETPOB MCTOYHUKA CBOJIUTCS K
PEIIeHHIO HeJIMHEHON cucreMbl ypaBHenuii: 1 = n(7y, x) + €, rue 1) =
= (A1,...,7n)T — BEKTOp M3MepEHHBIX BpeMeH mpobera ceficMmde-
ckux Bost; (7Y, X) = (n1,...,nx)T — N-MepHbIil BEKTOD BBIYHC/IS-
eMbIX BpeMeH 1pobera (Teoperudeckuii rogorpad) win dyHKus pe-
rpeccnn; € = (g1,...,6n)" — BeKTOp HeBA30K; X = (2,v,2,v,t)T
M-MEPHBIIi BEKTOP OLEHUBAEMBIX IapamMerpos; ¥ = (y1,...,YN) —
MATPHIA KOOPJINHAT JATINKOB; N — 4Yucyo naTdukoB. [Ipemiaraer-
Cs1 TIOJIXOJ K COBMECTHOMY PEIIEHUIO 33/1a9l U3MEPEHKsT BEKTOPA 1) =
= (A1, ...,nn)T 1 ncxomHOI CHCTEMbI ypABHEHHIT B €IMHOM HPOIECCe
JIMCKPETHON onTumusaruu. Perienne qocTUraeTcst Ha OCHOBE IIPUMe-
HEHUSs AIlIOCTEPUOPHBIX AJIOPUTMOB [1] K 06HADYKEHUIO U U3MEPEHHIO
mapaMeTpoB KBAa3UIEPUOINIECKUX ITOCIEIOBATEIHHOCTEN ceiicMmde-
CKHUX BOJIHOBBIX (pOpM. DPDPEKTUBHOCTD IOJIX0/1a JOKA3BIBAETCS BbI-
COKOTOYHBIMHU PE3YJIbTATAMU YUCIEHHOIO MOJIEJIMNPOBAHUS U SKCIIEPU-
MEHTOB 10 MOHUTOPHUHTY ITOJIOYKEHUS TIEPEMEIAIOIIErocsi B3PIBHOTO
UCTOYHUKA B DUIYDOOKOI cKBakuHe. [locseiHue BBITOJHEHBI B CBA3U €
mpobIeMoit HepTEemTpOMBICTIOBOTO Oy peHUsI.

[1] Voskoboynikova G.M., Khairetdinov M.S., Omelchenko O.K.,

Sedukhina G.F. Numerical algorithms and results of experiments to

determine the parameters of the borehole bottom and medium //
Bulletin of the Novosibirsk Computing Center, 2005. Iss. 10. P. 35—43.
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Posteriori algorithms in a problem of geophysical
monitoring

Voskoboynikova Gyulnara' gulya@opg.sscc.ru
Kel’manov Alexander® kelm@math.nsc.ru
Khairetdinov Marat" >+ marat@opg.sscc.ru

Novosibirsk, Institute Computational Mathematics and Mathematical
Geophysics SB RAS
2Novosibirsk, Sobolev Institute of Mathematics SB RAS

3Novosibirsk, Novosibirsk, State Technical University

The new approach to the problem of active geophysical monitoring of
the seismic processes generated by technogenic sources is suggested
and investigated. Monitoring is based on the problem of detection
and selection of geoacoustic wave forms with higher accuracy. The
problem of estimation of unknown parameters of a source is led to
the solution of the nonlinear equations system: 7 = 7(v, x) + & where
i) = (f1,...,nn)T is the vector of the measured arrival times of seis-
mic waves; (v, x) = (n1,...,nx)T is the N-dimensional vector of a
theoretical arrival times or the regression function; e = (¢1,...,en)"
is the residual vector; x = (z,y, z,v,t)T is the m-dimensional vector
of the estimated parameters; v = (y1,...,7n) is the matrix of the
sensors coordinates; and N is the number of sensors.

The approach to the joint solution of the vector measurement 7 =
= (f1,...,7n)T and original system equation is suggested in uniform
process of discrete optimization. The solution is reached with appli-
cation of posteriori algorithms [1] for detection and measurement of
quasi-periodic sequences parameters of seismic wave forms. Efficiency
of the approach is proved by high-precision results of numerical mod-
eling and experiments on monitoring of moving explosion source in a
deep borehole. They are executed for the problem of oil-field drilling.
[1] Voskoboynikova G.M., Khairetdinov M.S., Omelchenko O.K., Se-

dukhina G.F. 2005. Numerical algorithms and results of experiments

to determine the parameters of the borehole bottom and medium. Bul-

letin of the Novosibirsk Computing Center 10:35—43.
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HayuyHas nHdopmaymoHHasa cucrtema «AKTuBHas
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HoBocubupck, MuHCTUTYT BBIAUCAUTETBHON MATEMATUKHA

u maremarudeckoit reodpusnku CO PAH

IIpexncrasiiena web-opuenTupoBannast Haydwnast mHpOpPMAIMOH-
nag cucrema (HUC) «AkTuBHAsI cefCMOIOrUs» JJI KOMILIEKCHOI'O
nHMOPMAITMOHHOTO 0DECIIEYEHUS TEOPETUIECKIX U FKCIIEPUMEHTAIb-
HBIX HCCJIEJIOBAHAN B HOBOM HAIIPABJIEHUN IeOMUINKA — HU3yIECHUU
CTPOEHUsI 36MHON KODPBI M HCCJIEIOBAHUS I'e€OMMHAMUYECKUX IIPOIIEC-
COB B 30HaX 3eMJIETPSICEHMII U BYJKAHOB C UCIIOJIb30BAHUEM YIIPaB-
JISIeMBIX MCTOYHMKOB ceificMmueckux BojH. OcuosHoil 3amaueii HUC
SABJISETCS MOJTyIeHre, MHTEIPAIls U IPEJOCTABICHUE TAHHBIX U 3HA-
HUil B nHTepecax (pyHIaMEeHTAIbHBIX HAYIHBIX HCCIeI0oBannil pusn-
KU CeiCMUY€eCKOro IpoIiecca, n3y4eHns riyOnHHOTO CTPOEHUS T€0JI0-
TUYECKOI Cpejbl, MOHUTOPUHIA ITPUPOJHBIX CEICMUYECKUX U BYJIKA-
Hrdeckux mporeccoB. Onua u3 BosmoxkHocreir HUC — npumenenue
METOJOB 00PabOTKN M MHTEPIIPETAIINA MHOIOITAPAMETPUIECKAX ['€0-
dusnIecknx JAHHBIX C WUCIIOJIH30BAHUEM HOBBLIX HH(MOPMAIMOHHBIX
texHoJioruii. CucremMa MO3BOJISIET MOJB30BATEIIO IPOBOJIUTH B ya-
JIEHHOM JIOCTYIIE HCCJIEJIOBATEILCKIE PabOThI C JIAHHBIMU YHUKAJIb-
HOT'O apXWBa IOJIEBBIX dKCIepuMeHTOB 1995-2014 rT., BKIIOYAIOIIETO
daitbl BOTHOBBIX (HPOpPM U comyTcTByomeit nadopmarmn. Hayarnas
nHaGOpMAaIMOHHAS CUCTeMa «AKTHUBHAs CEHCMOJIOTHSI» OXBATHIBAECT
BCE OCHOBHBIE 3Tallbl HAYYHBIX MCCJICJOBAHUNI B aKTHUBHON CeficMO-
JIOTUU: 9KCIEPUMEHT, MOJeIupoBaHue, 6ubanorpaduio, myoInKaIuo
pe3yJIbTaToB M ux obcyzxKuenue [1].

Pabora nmommep:xana rpantamMmu PO Ne 14-07-00832 u Ne 12-05-
00786.

[1] http://opg.sscc.Tu
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Scientific Information System “Active Seismology”
for integrated geophysical studies
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Grigoruk Andrey and@opg.sscc.ru
Kratov Sergey kratov@sscc.ru

Novosibirsk, Institute of Computational Mathematics and Mathematical
Geophysics SB RAS

The paper presents a web-oriented Scientific Information System
(SIS) “Active Seismology” to provide comprehensive information for
theoretical and experimental research in a new field of Geophysics —
for studying of the crustal structure and geodynamic processes in the
areas of earthquakes and volcanoes using managed sources of seis-
mic waves. The main objective of SIS is receiving, integration, and
provision of data and knowledge for fundamental physics research of
seismic process, studying the deep structure of the geological envi-
ronment, monitoring natural seismic and volcanic processes. One of
the possibilities of SIS is the application for processing and inter-
pretation of multiparameter geophysical data using new information
technologies. The system allows user to perform remote access to
research with unique archive data field experiments in 1995-2014,
including waveform files and related information. Scientific Informa-
tion System “Active Seismology” covers all major stages of research
in active seismology: experiment, modeling, bibliography, publication
of results, and their discussion [1].

This research is funded by RFBR, grants 14-07-00832 and 12-05-
00786.

[1] http://opg.sscc.ru
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OueHka coCTOSAHUA reOMarHUTHOro Nonsi
Ha OCHOBe COBMeLLeHUs BeliBneT-npeocbpa3oBaHus
C pagnanbHbIMU HEWPOHHLIMU CETAMN
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Mandpuxosa Oxcara Buxkmoposha
2Kuorcukuna Examepuna AHBpeeeHaQ* ekaterinazhl@mail.ru
lc. MMaparynka, Kamuarcknii kpait, THCTUTYT KOCMODU3NUECKIX
uccaenoBanuii u pacupocrpanenus paguososn JIBO PAH
TTerponasnosck-Kamaarckuit, KamMdarckuii rocyjapcrBeHHbIH

TEeXHUYECKUIl yHUBEPCUTET

Pabora nanpasiena Ha co3/jaHue TEOPETHIECKUX U IIPOIPAMMHBIX
CPEeJICTB aHAJIN3a apaMeTPOB M'e€OMArHUTHOTO MIOJIA M OIEHKH ero CO-
CTOSIHUSI Ha OCHOBE COBPEMEHHBIX METOJIOB DACIIO3HABAHUS 00Pa30B
u nudpoBoit 06paboTku curHasioB. CyIecTBYIOIe METOIbI aHAJIA3A,
reOMarHUTHBIX JAHHBIX HE II03BOJISIOT BbIAB/ISATH HEKOTOPBIE 3aKOHO-
MEPHOCTHU B JIAHHBIX U IIPUBOJAT K [IOTEPE BAXKHON HHMOPMAIINN.

IIpennaraercst MeTos, OCHOBAHHBI Ha COBMECTHOM IIPUMEHEHUHN
BeliBJIeT-IIPe0OPA30BaHUS C Pa/INAJIbHBIMI HEHPOHHBIMU ceTsiMu, Me-
TOJ, TI03BOJISIET U3Y4YaTh TOHKHE OCOOEHHOCTH CTPYKTYPhI T€OMarHNuT-
HBIX JIAHHBIX U BBLIEJIATH HH(MOPMATUBHBIE COCTABJISIONINE, XapaKTe-
pU3YIOIIHe CTelleHb BO3MYIIEHHOCTH IeOMAarHUTHOIO IIOJI.

B pabore merasbHO H3yUeHA CTPYKTypa IE€OMArHUTHBIX JIaH-
HBIX, OIpeJeJIeHbl NPU3HAKN BO3PACTAHUA TI'C€OMATHUTHOW AaKTHUB-
HOCTH, IIPEJJIOXKEHBI KJIACCHI U CIOCOO (hOPMHUPOBAHUS PaINAIBHO-
I'o €JIos HePOHHOI CeTH, I103BOJIAIOMUI YMEHbIIUTD KOJINIeCTBO UC-
[I0JIB3YEMBIX IIPUMEPOB U MOBBICUTH KAYeCTBO KJIACCHMDUKAINA T'€0-
MAarHATHBIX JIAHHbIX. Ha ocHOBe KOMOMHAIIMU PpeIIeHUil IIOCTPOEH-
HBIX HPOTPAMMHBIX HEHPOCETEBBIX CHCTEM IPEJIOKEHO PeIaloniee
MIPaBUJIO IO OIEHKE COCTOSHHUS T'€OMArHUTHOIO IIOJIs B aBTOMAaTH4e-
CKOM pexkuMe. Ampobarisi MeToja, BBIIOJHEHHAs Ha JAHHBIX CTaH-
min «ITaparynkas (Kamvarckuit kpait), noxrsepauia ero addex-
TUBHOCTD [1].

Pabora mognepxkana rpanrom PH® Ne14-11-00194.

[1] Mandpuxosa O. B., XKuowcuruna E. A. OueHKa COCTOSIHUSI r€OMArHUT-
HOTO IIOJIST Ha OCHOBE COBMEIIEHUsI BEHBIIET-IIPEOOPA30BAHUsI C Paau-
AJIbHBIMU HEHPOHHBIMU ceTsimu // Mammnuoe o0yvueHne u aHaIn3 TaH-
HbIx, 2014 (B mevarn).
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Estimation of degree of the geomagnetic field
disturbance based on the combined use of wavelet
transform with radial neural networks

Mandrikova Oksana' oksanamimail.ru
Zhizhikina Ekaterina’x ekaterinazhl@mail.ru
'Paratunka, Kamchatka Region, Institute of Cosmophysical Research and
Radio Wave Propagation

2Petropavlovsk-Kamchatsky, Kamchatka State Technical University

The present paper is focused on the development of theoretical tools
and software for the analysis of the geomagnetic field parameters and
for the estimation of its condition using modern methods of pattern
recognition and digital signal processing. Existing methods for the
geomagnetic data analysis do not allow to identify some regularities
in the data and lead to loss of important information.

A method based on the combined use of the wavelet transform
and radial neural networks has been proposed. This method allows
one to study subtle structural features of the geomagnetic data and to
extract informative components which characterize the disturbance
degree of the geomagnetic field.

In the present paper, geomagnetic data structure was studied in
detail, the signs of the geomagnetic activity increasing were defined,
and classes for the radial layer of the neural network were suggested.
Furthermore, a way of forming a radial layer was proposed. This
way allows to significantly reduce the number of examples and to
improve the quality of the geomagnetic data classification. On the
basis of combination of decisions of the developed neural networks, a
decision rule is proposed to estimate the geomagnetic field condition
in the automatic mode. The method has been successfully tested
on the geomagnetic data obtained from the Paratunka observatory
(Kamchatka region) [1].

This research is funded by Russian Science Foundation, grant 14-
11-00194.

[1] Mandrikova O., Zhizhikina E. 2014 (in press). Estimation of degree of
the geomagnetic field disturbance based on the combined use of wavelet
transform with radial neural networks. Machine Learning and Data
Analysis.
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MopenupoBaHue Bapuauuii KOCMUYECKUX Ny4yeii
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2p. lerponasiosck-Kamvuarckuit, KaMuarckuil rocynapCTBeHHbLi

TEeXHUYECKUIl yHUBEPCUTET

WccirenoBanpl JaHHbIE HEHTPOHHLIX MOHUTOPOB CTaHmuil «Adu-
HBl», «HoBocubupck» u «Amarurei» 3a 2005-2013 rr. u obHapyXKe-
HBI aHOMAaJIbHBIE OCODEHHOCTH, BO3HUKAIONINE B BAapHAINAX KOCMU-
JeCcKUX Jydeil BO BpeMs CHJILHBIX MAarHUTHBIX Oypb. VcciemoBanust
OCHOBaHbBI HA pa3pabOTAHHOM aBTOPAMM METOJE MOJIEIUPOBAHMS KOM-
MOHEHT JIAHHLIX KOCMUYECKHX JIydedl IyTeM COBMEIeHUs] BeWBJEeT-
mpeodbpa30BaHns W HEHPOHHBIX CETEH MPSIMOr0 PaCIPOCTPAHEHUS.
Broimosmasercs kpaTHoMaciiTabHoe BefBIeT-pa3/IoKeHne JAHHBIX U
BBIJEISIOTCT UH(MOPMATUBHBIE KOMITIOHEHTBI. lloydeHHbIE KOMIIO-
HEHTBI alPOKCUMUPYIOTCI HEUPOHHBIMHU CETSAMH IPSIMOTO PACIIPO-
crpanenus. MeTo 03BOJISIeT BBINOJIHUTH JE€TATbHBIN aHAJIN3 CTPYK-
TYpBbI JAHHBIX W IIyTEeM AHAJIN3a OIMMMOOK HEMPOHHOI CEeTH BBIABUTH
aHomasibable ocobennoctu (Popbynr-3bdeKTsl) BO BpEMEHHOM XOJI€e
KOCMUYecKHuX Jy4eit [1].

Pabora Beimosnena npu nojepxkke rpanta PH® Ne14-11-00194.
[1] Mandpuxosa O. B., 3aases T.JI. Monenuposanue Bapuanyii KocMude-

CKHX JIy4el U BBIAEJICHHE aHOMAJIUN Ha OCHOBE COBMEIICHUA BEHBJIET-

peobpa3oBaHus ¢ HefipoHHbIME ceTsiMu // Matmunuoe o6ydenne u aHa-

sm3 JaHHblX, 2014 (B nevarn).
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Modeling of cosmic ray variations and allocation

of anomalies based on a combination of wavelet
transform with neural networks

Mandrikova Oksana'x oksanam1@mail.ru
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'Paratunka, Kamchatka Region, Institute of Cosmophysical Researches
and Radio Wave Propagation of the Far Eastern Branch of the Russian
Academy of Sciences

2Petropavlovsk-Kamchatsky, Kamchatka State Technical University

Valuable information about the topology change of the geomagnetic
field during magnetic storms is provided by study of the dynamics of
cosmic rays. In disturbed periods, the recorded parameters of the cos-
mic rays have a complex nonstationary structure, contain nonsmooth
local features, which occur at random time moments and carry im-
portant information about the studied processes. Lack of theoretical
apparatus providing an adequate description of the analyzed data
leads to an inevitable loss and distortion of the information and re-
quires advanced methods, among which are of great importance the
methods of pattern recognition and digital signal processing.

Based on a combination of multiresolution wavelet decomposi-
tions with neural networks, a method of approximation of the cosmic
rays time course and the allocation of anomalous variations (Forbush
effects) that occur during the periods of high solar activity has been
proposed.

On the basis of the proposed method for the stations “Novosi-
birsk,” “Apatity,” and “Athens,” software systems were built for neu-
ral network approximation of typical variations of cosmic rays and the
analysis of data in the periods of strong magnetic storms.

Application of the method in conjunction with other methods and
approaches allows better perform the assessment of the state of space
weather [1].

This research is funded by Russian Science Foundation, grant 14-
11-00194.

[1] Mandrikova O., Zalyaev T. 2014 (in press). Modeling of of cosmic
ray variations and allocation of anomalies based on a combination of
wavelet transform with neural networks. Machine Learning and Data
Analysis.
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nmenn akagemuka C.I1. Kopoaésa
(HaMOHAJIBHBIA MCCIIEIOBATEILCKAN YHUBEPCUTET)

2Camapa, WacTuTyT crcreM o6paborky nzobpaskenmii PAH

B pamy zagac o6paboTKM JaHHBIX 0cO00E MECTO 3aHUMAIOT 3a/1a-
YU, CBSI3aHHBIE C JUCTAHIIMOHHBIM 30HIMPOBAHUEM 3eMJIH U3 KOCMO-
ca. B mociiesiaee BpeMsi HauOOJIBININI UHTEPEC BBISBIBAIOT TaK HA3bI-
BaeMble MUIEPCIEKTPAJIbHBIE TaHHbIe (MU U300paXKeHUs ), IPEJICTaB-
Jistroriiue o0 TPEXMEPHBIIT MaCCUB, COCTOSINNIT U3 Psaa M300parKe-
HUIT OJTHOTO U TOTO K€ YIaCTKa 3€MHON ITOBEPXHOCTH, IOy ICHHBIX B
Pa3HBIX CIIEKTPAJILHBIX JUAIIA30HAX.

Kak mnpaBumio, KaXJplif CIIEKTPAJIbHBINA CJIOH B 3TOH CTPYKTY-
pe COIEepPXKUT JByXOaiiTHBIE JaHHBIE, T.€. [eJIble YUC/Ia B JUAITA30HE
ot 0 10 65535. OueBuIHO, YTO 0OBEM KaXKIOTO TUIIEPCIEKTPATIEHOTO
n300pakKeHusi BEChMa BEJIMK, 9TO MPUBOIUT K CJIOXKHOCTSIM C XpaHe-
HUEM U Iepeadeil TAKUX JAHHBIX. B 9T0#l CBI31 0COOEHHO aKTyaJjIb-
HOW CTAHOBUTCS 3a/1a9a MX CIKATHUS.

B Hacrosiieit pabore paccmarpuBaercst 0000IEHNE M3BECTHOIO
MeTOJja KOIWPOBAaHUs C IIPeoOpa30BaHUEM Ha, CJIydail THIIepCIieK-
TPAJIbHBIX JAHHBIX. [IpeIoyKeH bl TOAX0 K CKATUIO U OJIOTHOMY
XPAHEHUIO CXKATBHIX JAHHBIX IO3BOJISET BOCCTAHABJINUBATH U3 aPXUBA
KaK BCe JIaHHBIE I[EJIMKOM, TaK U OT/IeJIbHbIe IIPOCTPAHCTBEHHbBIE CPe-
3bl WJIM KPUBBIE CIEKTPAJIBHOIO OTPAXKEHUsI B 338 [aHHOM TOYKeE.

IIpoBejieno uccienoBanue padoOThl AJTOPUTMA B Pa3IUIHBIX pe-
KuMax. BeipaboTaHbl peKOMeHIaI, 0OOCHOBAH BBIOOD OTIEIbHBIX
COCTABJISIIONIAX METO/A. BBIOIHEHO CpaBHEHUE C M3BECTHBIMHU Me-
TOJAMHU CXKATUS THIIEPCIEKTPAIbHBIX TAHHBIX, TOKA3aHO IIPEUMYyIIe-
CTBO TI0 CPABHEHUIO C PSJIOM AJIropuTMOB [1].

Pabora mommep:kana rpamtamu PO®I NeNe12-07-00751, 12-01-
00822 u 13-07-97006.

[1] Yuuesa M. A., FOsvkus P. P. CxkaThe runepCneKTpaIbHbIX JAHHBIX HA

OCHOBE METOJIa KOJAMPOBaHUsA ¢ IpeobpasoBanueM // KommbiorepHas

onruka, 2014 (B neuarn). T. 3.
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Hyperspectral data compression based on transform
coding method

Chicheva Marina'x mchi@geosamara.ru

Yuzkiv Ruslan'?

yuzkiv@rambler.ru
!Samara, Samara State Aerospace University

2Samara, Image Processing System Institute of RAS

The problems dealing with Earth’s remote sensing have a special
place in the list of data processing tasks. At the present time, the
main interest as drawn to so-called hyperspectral data (or images),
which are three-dimensional array consisting of image series for the
same Earth surface field in different spectral bands.

As arule, each spectral layer in this structure contains double-byte
data, i.e., integers in the band from 0 to 65535. It is obviously that
the volume of any hyperspectral image is extra large; so, its storage
and transfer are complex. Therefore, the problem of compression is
extremely actual for such data.

The generalization of the known transform coding method on the
case of hyperspectral data is considered.

Proposed approach to compression and blocked storage of com-
pressed data allows one to reconstruct from an archive both all data
as a whole and certain spatial face or spectral-reflection curve at the
special point.

The analysis of algorithm implementation in the different modes
has been made. The recommendations have been produced and the
choice of some steps has been justified. The comparison with known
methods of hyperspectral data compression is done, the advantage in
comparison with some approaches is shown [1].

This research is funded by RFBR, grants 12-07-00751, 12-01-
00822, and 13-07-97006.

[1] Chicheva M., Yuzkiv R. 2014 (in press). Hyperspectral data compres-

sion based on transform coding method. Computer Optics 3.
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Sasaua OOHAPYKEHHSI CETEBBIX ATAaK SIBJISAETCS OYCHb AKTyaJlb-
HOIl: 17100aJIbHOE PAa3BUTHE KOMIIBIOTEPHBIX CeTefl M MHOIOYHCJIEH-
HbIE XaKEPCKHUE ATAKU IIOPOK/IAI0T MHOYKECTBO IIPOOJIEM, CBSI3aHHBIX C
6e3onacHOCTHIO HH(MOPMAIMOHHBIX pecypcos. Hecosepiercrso cyie-
CTBYIOIIAX METOJIOB 3aIUThl HH(MOPMAIMH, & TAKXKE M3MEHSIOIUNACS
XapakTep 3JI0HaMEPEHHBIX JeHCTBUI CO CTOPOHBI ATaKyIOIIEro IPUBO-
OaT cucreMy B HebOe3zomacHoe cocrosaue. [losromy cramoBuTcs Baxk-
HO UAEHTHUMUINPOBATH ATAKU M CBOEBPEMEHHO PEArnpoBaTh HA HUX.
B crarne nipescTaBiieHbl aJaTUBHBIE TTOAXO/BI K IIPOIEcCy OOHAPY-
JKEHUS 3JI0yIOTPeOIeHN , KOTOPBIE NCIIOJIB3YIOT aHAJTUTHYIECKHIE BO3-
MOXKHOCTH HeffpoceTeil, HIMMYHHBIX KJIETOK U WHTE€PIOJIAIMOHHBIX 10~
JIMTHOMOB, ¥ TTOKA3aHbI PE3yJIbTATHI AHAIN3a KayKI0r0 MeToma. OCcHOB-
HOE IPEUMYINECTBO MIPEJIOZKEHHBIX IIOX0/I0B 3aK/II0YaeTCsl B O0HA-
DPYKeHIH paHee HEU3BECTHBIX TUIOB aTak. Jljms pacno3nHaBamus 06-
PasIoB COEIMHEHNI TPUMEHSIOTCH TPU MaTeMaTHYeCKUe MOJIEJIN:

— CHCTeMa U3 MHOT'OCJIONHBIX HEHPOHHBIX CETel, CTATUIEeCKH 00y I€H-
HBIX I10 IPABUJIy OOPATHOIO PACIPOCTPAHEHUSI OIIMOKY;

— cHuCcTeMa U3 UMMYHHBIX KJIETOK, IIPEJICTAB/ISIIONINX COOOM caMoop-
raHu3yfonmecs KapTbl KoxoHeHa W IUHAMIYECKHA OOYIaIOINIIXCS
110 KOHKYPEHTHOMY aJI'OPUTMY;

— CHCTEMAa U3 MHOI'OMEPHBIX MHTEPIOJIAIMOHHBIX TOJJMHOMOB, OIIU-
CBIBAIOIINX IIPOCTPAHCTBO IPU3HAKOB JEMEHTOB KOHTPOJILHOTO
MHOXKECTBA.

Ha ux ocHoBe paspaboTaHO IPOrpaMMHOE CPEICTBO, MPEIHAZHAYEH-

HOE IJIS aHaJn3a CeTeBOro Tpaduka Ha HAJIAIHE aHOMAJBHBIX CO-

eIMHEHUIt, a TaKXKe JId WX KJIaCCHpUKAIUU Tpu OOMEHE TAHHbBI-

MU TI0 KOMIIBIOTEDHBIM CeTSIM, WCIIOJIB3YIONINM CTeK IIPOTOKOJIOB

TCP/IP [1].

[1] Bparnuuyruti A. A., Tumogees A. B. VHTesiekTyalbHble METOIBI OOHA-
pyKeHHus U Kjaaccudukanyuu cereBbix arak // Mammuuoe obydenue u
aHam3 naHHbIX, 2014 (B meuarn).
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The task of detection of network attacks is very relevant: global de-
velopment of computer networks and numerous hacker attacks gen-
erate a lot of problems related with security of information resources.
Imperfection of the existing methods of information security as well
as the changing nature of malicious actions of the attacker lead to
unsafe state of the system. Therefore, it is important to identify at-
tacks and timely respond to their emergence. The paper describes
the adaptive approaches to the process of a misuse detection, which
use analytical capabilities of neural networks, immune cells, and in-
terpolation polynomials; also, the results of analysis of each method
are demonstrated. The main advantage of the proposed approaches is
detection of previously unknown attacks. For recognition of instances
of network connections, three mathematical models are used:

— a system of multilayer neural networks statically trained by the
algorithm of error backpropagation;

— a system of immune cells which are self-organizing Kohonen’s
maps and dynamically training by the competitive algorithm; and

— a system of multivariate interpolation polynomials describing the
feature space of elements of the control set.

A software tool was developed on their basis to analyze network traf-

fic for anomalous connections and to classify them during the trans-

mission of data over the computer networks using a protocol stack

TCP/IP [1].

[1] Branitskiy A., Timofeev A. 2014 (in press). Intellectual methods of de-
tection and classification of network attacks. Machine Learning and
Data Analysis.
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Yenabruuck, YensabuHCKN rocy1apCTBEHHBII yHUBEPCUTET

CoBpeMeHHbIE TEHJEHIINN TIOKA3bIBAIOT CTPEMJIEHHE WCIIOIb30-
BATH CUCTEMHBIN ITOAXO [IJIsI CO3IAHUS MYJIbTHONOMETPUIECKIX CHC-
TeM ayTeHTHMUKAIMN, TaK KaK CyIIeCTBYIOT IIPOrPAMMHBIE PeaJsii-
3allii Ha OCHOBE, KaK IPABUJIO, TOJBKO OJHON OMOMETPUYECKON Xa-
pakTepucTUKu 0e3 JIOMOJIHUTEIbHBIX WHCTPYMEHTOB U MOJLyJIeil, ITO
co3/1aeT MPOOJIEMBI TIPU UX UCIIOJb30BAHUY U KCILIYATAIIIH.

B [1] 6611 onmcan pazpaboTaHHbIA KOMILIEKC MOJyJieli GruoMeTpu-
qecKoil ayTeHTHdUKAIME JJisi pa3rpanndeHus mnpas jgocryna B OC
Windows XP. /laHHbBII KOMILTIEKC MOJTIYJIEH TTOCTYKUJI OCHOBOMI JIJTst
pa3paboTKU [EHTPAIN30BAHHON CHCTEMbl Pa3rPAHUYEHUSI IIPAB IO-
CTyIla HA OCHOBE M30MPATEIbHON MHOTOMAKTOPHON OHOMETPUYECKOi
ayTeHTUMOUKAIINY C KJIMEHT-CEPBEPHOI apxuTeKTypoii. s sroro Ob-
J pa3pabOTaHbl MPUHIUIBI TOCTPOEHUS CHUCTEMbBI, aPXHUTEKTYPHI,
IIPOTOKOJIa B3ANMOJECTBUSA 1 OBbLI peaJIM30BaH IIEHTP U MOJIyJId OHO-
MEeTPHUYECKON ayTeHTH(DUKAIUU.

B zaBucumocTr oT pasHBIX yCa0BUHII M (PAKTOPOB, B YaCTHOCTH
OT JOCTYIHOCTH 3JIEKTPOHHBIX CPEJICTB, OT yIOOCTBA, OT CTOMKOCTH
K aTakaM ¥ ysI3BUMOCTSIM, OT OOJIe3Hel MJIU yBeUnii MOJIb30BaTee,
MOKeT OBITH BbIOpaHa OMOMeTpUYecKas ayTeHTU(UKAINS Ha OCHO-
Be JIFOOBIX TAKUX OMOMETPUYECKUX XapaKTEPUCTHK, KAK PUTM BBOJA
mapoJisi, TOJIOC, JUHAMUKA TTOJIUCH U rpaduieckoe paclo3HaBaHUe.

BaxupiM sTammom Obi1a pazpaboTKa apXUTEKTyPhl CHCTEMBI U IIPO-
TOKOJIA TIepeIadn OMOMeTPUIeCKuX NaHHbIX. Kpome Toro, ObL1 mpoBe-
JIeH aHaJIN3 BO3MOXKHBIX aTaK Ha pa3pabOTAHHYIO CUCTEMY U CIIEJIAHDI
BBIBO/IbI 1 pEKOMEH/IalluM 110 MeTOo/laM 3alllUThl OT HUX.

Pabora nmognep:kana rpantom POD®I Ne 14-07-31049.

[1] Pyuati A. H. Pa3spaboTka yHUBEPCAJIBHOIO KOMILJIEKCA MOJyJel st
pasrpanndenus npas jgocryna B OC Windows XP na ocnoe 6uomer-

puueckoil ayrenrudukaiyn // BesonacHocTh HHGOPMAIMOHHBIX TEX-
noJiorun, 2013. C. 74-78.
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Current trends show a desire to use a systematic approach for creat-
ing multibiometric authentication systems as there are software im-
plementation based, as a rule, on only one biometric feature without
additional tools and modules that creates problems in their applying
and maintenance.

In [1], the developed complex of modules of biometric authenti-
cation for managing permissions on Windows XP OS was described.
This complex modules formed a basis for development of the central-
ized system of managing permissions based on the election multibio-
metric authentication with client—server architecture. For this pur-
pose, the principles of system creation, architecture, and communi-
cation protocols were developed and also, the center and modules of
biometric authentication was realized.

Depending on various conditions and factors, including the avail-
ability of electronic means and convenience, resistance to attacks and
exploits, disease or injury of a user biometric authentication can be
selected on the basis of any biometrics such as rhythm password,
voice, dynamic signatures, and graphics recognition.

Development of the system architecture and biometric data com-
munication protocol was an important stage. Besides, the possible
attacks on the developed system were analyzed. The conclusions and
recommendations on defenses from these attacks are submitted.

This research is funded by RFBR, grant 14-07-31049.

[1] Ruchay A. 2013. Development of a universal set of modules for man-
aging permissions Windows XP on based biometric authentication. Se-

curity of Information Technology. 74-78.
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Tyua, Tynbckuil rocy1apCTBEHHBIN YHIBEPCUTET

B macrosimee BpeMsi, ¢ pOCTOM KOJUYIECTBA KJIMEHTCKAX 3AIIPOCOB
K cepBepaM u obbema obpabarpiBaemMoro tpaduka, a TakKe C BO3-
pacTarImM 00beMOM IMOTEHITUAJBHO OMACHBIX KJIMEHTCKUX 3aIlpo-
COB, BCE aKTyaJbHEE CTAHOBUTCS 33J1a9a MICHTU(DUKAIMA U BbIsBJIE-
HUS TAKUX 3AIMPOCOB C IIEJIbIO MPEIyIPEXKICHNT BOSHUKHOBEHUS TOM
WM UHOM ceTeBOil araku. VMmeromuecss B HACTOsIIIEE BPEMS CHCTEMBI
obuapyxenust sropxkennii (COB) addexrusHO pemaror 3Ty 3a7a1y,
OJTHAKO TIOCTOSTHHO YBEJTUYIUBAIONIMUIICS IMOTOK 3aIlPOCOB, IMOSIBJICHUE
KaK HEM3BECTHDLIX BTOPKEHU, TAK W HOBBIX peaN3aIuil NU3BECTHHIX
ceTeBBIX arak 3acrtaBjser coBepireHcTBoBaTh COB, a mmenuo e u3
HUX, KOTODbIE€ HAIIPABJIEHBI Ha OOHADYKEHHME AHOMAJUN B CETEBOM
B3aUMOAEeCTBUN.

Takum obpazom, 3a1at1a Pa3pabOTKU HOBBIX METOJI0B OOHapyKe-
HUsI BTODXKEHUII He TepsieT CBOell aKTyaJlbHOCTH. B jmaHHON pabo-
Te Ui UIeHTU(MOUKAINN TOTEHIINAIBHO OMMACHBIX KJIMEHTCKUX 3aIpo-
COB TIPEJIAraeTCs UCIOJIB30BATh METO/I MHOTOKJIACCOBOIO PACIIO3HA~
BaHUs 0OPa30B, OCHOBAHHBIM HA METOJ/E JBYXKJIACCOBON Kiaccudu-
Kallul C HEYETKUM PEIIAoNUM IIPaBUIOM. BBIOOD JaHHOTO MeToja
00yCJIOBJIEH T€M, UYTO UIAEHTU(PUKAINS KIMEHTCKIX 3aIPOCOB (haKTU-
9eCKU sBJISETCs 3ajadeil MHOTOKJIACCOBOW MIAEHTU(MUKAIINYN Ha OOJTh-
IX MACCUBAaX JAHHBIX, KOTOPas SBJISIETCS PECYPCOEMKOM, & IIpe/-
JlaraeMblil METOJ, TI03BOJISIeT CHU3UTh BBIYUCIUTENBHYIO CJIOXKHOCTD,
TEM CaAMBIM TIOBBICUTDH 3D deKTUBHOCTD naeHTnduKamn [1].

Pabora nojpmepxkana rpanrom PODU Ne 14-07-00527-a.

[1] Aeoenxo C. /., Mommav B. B., Cepedun O. C. Ilponenypa pacuossa-
BaHUA O6pa3OB JJId CJIydasd MHOTUX KJIaCCOB, OIIUPAIOIIadACd Ha COBO-
KYIHOCTH (bYHKIWI CTEleHN JOCTOBEPHOCTH Jijisd nap Kiaccos // W3-
Bectus Tynl'V, BeraucauresnbHast TEXHHKA, aBTOMATUKA, yIIPaBJIeHUE,

1999. T. 2. Bomm. 2. C. 28-35.
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The growing number of client inquiries to servers and the increasing
intensity of traffic to be processed as well as the growing number
of potentially dangerous inquiries drastically actualize the problem
of detection and identification of such inquiries with the purpose of
preventing network attacks. The existing network invasion detection
systems effectively solve this problem, but the increasing flow of in-
quiries coupled with the emergence of new unknown invasions and
new realizations of known network attacks strongly demand further
enhancement of invasion detection systems, primarily, those of them
that are aimed at detecting anomalies in network interaction.

Thus, the necessity of developing new methods of invasion de-
tection does not lose its actuality. In this work, a new approach to
detecting potentially dangerous client inquiries is proposed on the ba-
sis of multiclass pattern recognition, which is underlied, in its turn,
by the method of fuzzy dichotomy. This method has been chosen
because the client inquiry identification is, actually, a problem of
multiclass pattern recognition in large data sets, whereas combining
several two-class classifiers promises to essentially decrease the com-
putational complexity of multiclass pattern recognition and, thereby,
to increase the effectiveness of intrusion detection [1].

This research is funded by RFBR, grant 14-07-00661-a.

[1] Dvoenko S.D., Mottl V.V., Seredin O.S. 1999. A pattern recognition
procedure for the case of several classes on the basis of the set of confi-
dence functions for pairs of classes. Izvestiya of Tula State University,
Computers, Automation and Control 2(2):28-35. [In Russian.]
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